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from Yarnall-Waring Company, Philadelphia 18, Pa. 
BRANCH OFFICES IN 19 UNITED STATES CITIES ¢ SALES REPRESENTATIVES THROUGHOUT THE WORLD 
STEAM TRAPS STOCKED AND SOLD BY 270 LOCAL INDUSTRIAL DISTRIBUTORS 


3 REASONS WHY NEW YARWAY SERIES 130 
IMPULSE STEAM TRAP 
SCORES BIG SUCCESS 


This new Yarway all-in-one combination steam trap, 
strainer and blow-down valve—designed especially 
for moderate condensate load applications—is win- 
ning enthusiastic approval from users everywhere. 
Here’s why: 


it saves space 


Entire trapping hook-up can fit into an area no larger 
than a “T”’ fitting. Straight-through piping, .cleaner 
installations, more accessibility. 


STEAM TRAP ‘ ie it saves money 
4 ed Only one unit to buy—plus much lower installation 
' Wy BLOW-DOWN and maintenance costs—results in large savings over 
STRAINER te VALVE conventional trap installations. A fair estimate—UP 
oe TO 30% IN TIME AND MATERIALS! 


it saves work 


No more installation headaches. As easy and quick to 
install as a pipe fitting. Maintenance is a breeze. Blow- 
down valve is operated by simple Allen wrench. 

Series 130 traps are good for all pressures 8 to 600 
psi, stainless steel throughout, have replaceable trap 
valve and seat, woven stainless steel strainer. 

Why not try this compact combination on a steam 
main drip, tracer line or other moderate load applica- 
tion in your plant? Your nearby Yarway distributor can 
now supply you. For more details on Yarway Series 130 
traps, write for Bulletin T-1743B. 





Yarway Series 130 Impulse Steam Trap draining drip on 700 ft. 
house heating line at Eddystone Station of Philadelphia Electric 
Co. Pressure 150 psi; temperature 385° F. 


ANOTHER POPULAR YARWAY IMPULSE STEAM TRAP—SERIES 30 


This is the “trap” part of the Series 130 @ Long service life, with lever action 


described above—but without combined 
strainer and blow-down valve. Gives 

eak efficiency on moderate condensate 
io applications. Offers these features: 


e Economy of operation, with close 
condensate control 


reducing impact in valve seat 


@ Low maintenance; easily replaceable 
seat and disc 

@ High quality, all stainless steel—with 
a new low cost 


Write for Yarway Bulletin T-1743, 
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Compact Packaged Air Preheater 
being unloaded for installation 
on new 100,000 lb/hr boiler at 
Hoffmann-La Roche’s Nutley, N. J. 
headquarters. In operation, it 

will increase the temperature of 
the combustion air 375°F —thereby 
increasing boiler efficiency by 
approximately 8%. 


PACKAGED AIR PREHEATER 


WILL RECOVER SSO°F FROM NEW BOILER 
FOR HOFFMANN-LA ROCHE INCORPORATED 


Hoffmann-La Roche, one of the leading producers of pharmaceuticals, vitamins 
and aromatic chemicals, specified a Ljungstrom Packaged Air Preheater for their 
new boiler for three reasons: 1) This compact, preassembled unit is ready to run 
as soon as it’s connected to the power line and ducts—no extra installation or 
erection costs; 2) The unit occupies only about 450 cubic feet of space but will cut 
boiler exhaust temperatures from 680°F to 330°F—for 

about 8% saving in fuel; 3) Savings in fuel alone—roughly 


lo de tniinteo oe geen meee" Oy THE AIR PREHEATER 


Packaged Ljungstroms are available in sizes for use on 
boilers in the 25,000 to 250,000 lb/hr range—can give you 
these same fuel saving advantages. For full information, CORPORATION 


write today for our 14-page Packaged Air Preheater booklet. 60 East 42nd Street, New York 17,N.Y. 





*"t spection tour, turn to Page 133. 


A Quick Look 


What It Now Costs to Up Octanes . . . It’s 

easier to see how much octane improvement costs, 
thanks to charts given in this survey. For easy refer- 
ence, the report, which contains illustrative calculations, 
is divided into sections involving processing techniques. 
To brighten your octane picture, be sure to read this 
article beginning on Page 101. 


What to Do About Hydrogen Attack on 
Steel . . . This case history shows degree of me- 
chanical damage caused by hydrogen attack corrosion 
and how a vessel can be repaired. For details on what 
to do if you detect hydrogen blisters on your next in- 


Absorber-Stripper Calculations Made 

Easier . . . Here’s an exact tray-by-tray method 
that can be applied to any absorber or stripper. It uses 
a heat balance to establish tray temperatures and re- 
quires iterative procedure not convenient for hand com- 
putation. Therefore, it has been programed for digital 
computers. Get all the details starting on Page 137. 


How the Stretford Process Is Working .. . 
Three English gas plants have found this new 
process economical for removing H,S from coal gas. It 
can be applied to refinery and natural gases. To see 
how it works and what it costs, turn now to Page 141. 


Combine O. & Hydrocarbons for Profit (Part 
2) . . . Read up on economic fundamentals of 
using oxygen, alternative oxidants and advantages and 
disadvantages of oxygen with some economic factors for 
evaluating its use. For the full story, turn to Page 147. 


Epoxy Can Cut Corrosion Costs . . . Mainte- 
& nance repair can be reduced when the right solid 
or liquid epoxy is used to correct corrosion failures. 
Case histories show which type epoxy to use and rela- 
tive costs of each. To up-date your plant on the use 
of these versatile resins, turn to Page 151. 


More Acetylene for the West Coast?.. . This 
LJ question hinges on when industry can support a 
new plant, where it should be located and which proc- 
ess should be used. For some answers, turn to Page 155. 


Equipment Cost Data File (Part 8) . . . Here's 
LJ cost data for double-suction, single-stage, horizon- 
tally split and multi-stage, vertically split centrifugal 
pumps. For details, see Page 159. 
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at This Issue 


Figure Separations This New Way (Part 7)... 

When you have an absorber with a reboiler, you 
have to change your computation if you use the 0 
method developed by Dr. Holland in this series. For 
examples on how this method of convergence can be 
modified to handle special problems, see Page 161. 


A Teaching Machine Is in Your Future .. . 

We're seeing more and more in the literature 
about a “little black box” called a teaching machine— 
and not without reason. This curious device, or one of 
the other methods used in programed learning, may 
soon revolutionize industrial education. For a look at 
programed learning’s potential in engineering training, 


see Page 171. 


Management Development (Part 3) . . . This 

final article in the series “Management Develop- 
ment: Past, Present and Future,” will give you an 
insight into where supervisory training is heading in 
the ’60s. If you have your sights on the executive suite 
or some sort of administrative post, you’ll want to read 
this interesting article beginning on Page 174. 





Your Annual Index 


HyprocaRBON Processinc & PETROLEUM ReE- 
FINER has followed the practice for some years of 
including in its December issue the Annual Edi- 
torial Index covering the 12 issues for that year. 

The 1961 Index appears in this issue as an 
insert opposite Page 160. It is called to your 
attention so that you might take whatever steps 
your situation calls for in preserving it for future 
reference. 

This 1961 compilation is designed for reader con- 
venience. If you find that certain changes are 
needed and will memo the editor, they will be 
considered for the 1962 Index. Separates of the 
1961 Index may be had by addressing Editor, 
HyprocarBoN Processinc & PETROLEUM ReE- 
FINER, Box 2608, Houston 1, Texas. These extra 
copies, where needed, are furnished free to sub- 
scribers. 
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Goulds 3195 line gives you 17 different pumps with 6 common dimensions 


When you standardize on the Goulds Model 3195, you save 
time and money in all these ways: 
Lower inventories. You need fewer spare pumps or parts 
because all Model 3195's are interchangeable. All sizes have 
. One over-all length 
. One coupling fit 
. One dimension end of suction to 
centerline of discharge 
. One bolt size for holding pump to 
base 
. One bolt spacing for above 
. One spacer coupling length 
Wider coverage and flexibility. To meet | 
varying service conditions, you can —~ 
mount any one ef the 17 pump ends i 
to any one of three bearing frames (shafts 114”, 134”, and 
24%” through stuffing box). Nominal impeller diameters of 
6", S, 10%, 11°, ana 13°. 


Lower installation costs. Continuous installation of many 


GOULDS @ PUMPS 


sizes of pumps to the same constant dimensions simplifies 
installation of both pumps and piping. Four ‘‘standard”’ 
foundations accommodate all bedplates. 

Lower engineering costs. Constant dimensions make pre- 
engineering of piping and foundations practical. Because 
complete selection data are available, evaluations and ap- 
plications are easier. 

Lower maintenance costs. Disassembly is simple. One craft 
can do it without disturbing either suction or discharge pipe 
connections. Only one gasket joint parting is necessary. 
Pumps that handle tough services. The Model 3195 is built 
to pump corrosives, low-gravity hydrocarbons, slurries and 
other difficult liquids. It handles capacities to 775 GPM, 
heads to 425 ft. TDH, and temperatures between —350° 
and +500° F. Working pressures go to 275 PSIG. 

You can get the Model 3195 off the shelf in stainless 
steel, Ductile Iron or Gould-A-Loy. It’s also available in any 
machinable alloy. 

Bulletin 725.1 gives all the details. Just write Goulds 
Pumps, Inc., Dept. PR-121, Seneca Falls, N. Y. 


SEE US AT THE CHEM SHOW, BOOTHS 1288 TO 1294 
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It's Doubly Painful! 


A subscriber recently complained, “Your publica- 
tion sends out more mail for verification than any 
other. It’s a pain in the neck.” Likewise, we might 
say, it’s a pain in our corporate pocketbook, too, 
postal rates being what they are. But both pains show 
up on the chart if there is any delay in answering 
queries re your business title and affiliation. This in- 
formation is just as important to us—believe it or 
not—as the tab you pay us for receiving HP/PR. 
Here’s why: 

The only way we can send out the magazine for 
a year for $3.00 is to get Mr. Advertiser to foot a 
considerable part of the bill. And he, before buying 
space, wants a pretty close breakdown as to just who 
reads the magazine each month. Without accurate 
figures on reader classification (contractors, engi- 
neers, superintendents, foremen, chemists, company 
officials, etc.) most of them decline the honor of sign- 
ing one of our advertising contracts. 

So that’s responsible for most of the doubly painful 
mail. Prompt answers, as we say, would help a lot 
both for these queries and the other kind when we 
survey readers in hope of determining and subse- 
quently publishing the type of technical material you 
want. 


New Fire Series 


IF YOU WERE A SUBSCRIBER back in 1957, 
you probably remember J. L. Risinger’s interesting 
12-part series, “Fire Protection and Safety.” If not, 
chances are you’ve seen one of the hundreds of re- 
prints which have been sold in the last four years. If 
you found this first Risinger product of value, you’re 
sure to rate even higher his latest effort, “Fire Protec- 
tion Handbook,” which will run in HP/PR through 
1962, starting in January. This new series will take 
you step-by-step through a modern refinery, covering 
all aspects of the latest developments in fire fighting 
and protection. It will cover definitions and basics not 
emphasized in the 1957 series, plus new developments 
since then. You'll want to be sure you don’t miss 
“Fire Protection Handbook” as it appears monthly in 
your REFINER. Here’s your chance to tap author 
Risinger’s 40 years of fire and safety experience. 


One Big Free Deal 


READERS are reminded that 

® Enlarged copies of figures that appeared in 
“Hydrocarbon Vapor-Liquid Equilibria” by S. T. 
Hadden and H. G. Grayson may be obtained with- 
out cost from the authors. This article appeared in 
our September issue and more than 400 sets of 
enlarged figures have already been requested. Other 
readers who want them should, without delay, 
address Socony Mobil Oil Company, Inc., Engineer- 
ing Department, 150 East 42nd Street, New York 17, 
New York. 





Total Service on 
Heat Exchangers 
can’t be measured 


by the foot 


Anaconda fabricates the finest copper alloy 
tube, sheet, and heavy plate made for 
power plant, process industry and marine 
heat exchangers. 

More than that. We also provide Total 
Service that you can’t measure by the foot. 
Only Anaconda delivers such a wide variety 
of copper alloys, in sheet, large-size plates 
and single or duplex tube. Among these are 
Anaconda exclusives like Everdur®, Am- 
braloy, and Cupro Nickel, 30%-707, a new, 
lower-cost, high-strength feedwater heater 
tube alloy. Total Service also includes the 
experienced on-the-spot guidance and ad- 
vice of Anaconda technical representatives 
to help solve any heat transfer or corrosion 
problem. 

Anaconda satisfies your needs for heat 
exchanger materials. Why not write for 
your copy of Publication B-2. This 44-page 
presentation of our tubes and plates for 
condensers and heat exchangers details 
properties and fabrication methods. 
Address: Anaconda American Brass Com- 
pany, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ontario. 61-922 





/ ANACONDA 


AMERICAN BRASS COMPANY 
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Quick Look t4JPI 


NATIONAL DISTILLERS BOWS OUT OF ISOSEBACIC ACID business, as it yields to 
lower cost products and uses Tuscola, Ill., plant as $3.5-million tax 
write-off. Adipic acid via cyclohexane captured synthetic lubricants 
market USI hoped its dibasic acids would serve. Move leaves road clear 
for Du Pont and Rohm & Haas, both of which make product from cyclo- 
hexane. 


OVER-ALL GASOLINE DEMAND FOR LAST QUARTER of 1961 is estimated by Du Pont at 
1.54 billion barrels compared with 1.53 billion last year. Increase in 
domestic demand overshadows drop in domestic aviation and in export of 
both motor and aviation grades. 


ATLANTIC REFINING IN NEWS as it approaches 10% of sales volume in petro- 
chemicals. Presently running $30 million a year, company also says it 
supplies almost 10% of U.S. wax market and nearly 20% of U.S. export 
market. 


SQUABBLE BETWEEN GENERAL TIRE AND MOBAY CHEMICAL over alleged polyether 
patent infringement isn't worrying Union Carbide. Company has purchased 
General's patent and sublicensing rights. Carbide is also guaranteeing 
its customers immunity from additional suits, should courts rule in 
favor of General. 


AMERICAN SOCIETY FOR TESTING MATERIALS changes name to American Society for 
Testing AND Materials. Inclusion of word "and" in society's name adds 
emphasis to research work done by society in seeking knowledge about 
nature of materials. 


CHEMICAL INDUSTRY SALES could exceed $54 billion by 1970, says General John 
Hull, president of Manufacturing Chemists' Association. Sales in 1960 
were $27.7 billion. Research and development costs were $744 million. 
Industry has been growing at about 7% a year. 


PETROCHEMICALS MAY HELP WOOL as they have cotton. Monoethanolamine has been 
proposed as active agent for permanent creases in men's trousers and 
permanent pleats in ladies' skirts. While using only small amounts, 
these uses could help build total sales for most prevalent ethanol- 
amine. 


TALLOW PRODUCERS HAVE BACK TO WALL in oleochemical field. New synthetic 
petrochemicals are dipping into this market more and more. Excess capac- 
ity in synthetic glycerine and new long-chain fatty acids soon to come 
from Continentals’ new Lake Charles plant, have forced tallow producers 
to look to long term basic research for out. Fields to watch: sur- 
factants and plasticizers. 


MERGERS, JOINT ENTERPRISES IN NEWS as Allied Chemical and Union Texas Natu- 
ral Gas announce merger and plans to build huge petrochemical complex 
near Baton Rouge. Principal products: Olefins and aromatics . . . Signal 
Oil & Gas buys Century Oil, Long Beach, Calif. Deal includes tract of 
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Quick Look at +tPI 


land and 5,000-bpd refinery ... Gulf Oil gets into Danish LPG business 
via joint enterprise with Nordisk Flaskegas A.A.S., locally owned com- 
pany whose butane, propane and LPG production will be taken over by 
newly established Nordisk Gulf A.A.S. Gulf holds big interest in new 
firm through subsidiary, Warren Petroleum International . . . New German 
refining company, Erdoelraffinerie Mannheim G.m.b.H., has been formed by 
Ohio 0il's Marathon International and Wintershall A.G. They'll own 40% 
and 60% respectively. First project: A 40,000-bpd refinery across Rhine 
River from Badische Anilin plant. . . . Ralph M. Parsons and Mitsubishi 
Chemical, Tokyo, form Parsons-Mitsubishi in Japan for HPI plant 
construction. 


PANNING THE PROCESS AND PRODUCT SCENE finds Pennsalt Chemicals up with new 
commercial method for making tetrafluoroethylene. Product is in advanced 
lab development and pilot plant production will start soon... Shell 
up with commercial production of rubber latex at Torrance, Calif. Com- 
pany's new isoprene latex is similar to isoprene rubber, and is said to 
have natural-latex quality, synthetic-latex price . . . Houston Chemical 
sends first shipment of TEL, making it third major contender in $270- 
million market for anti-knock additives. Company has new 100-million- 
pound-per-year plant at Beaumont .. . Phillips Petroleum licenses new 
jet fuel anti-icing additive to Union Carbide and Dow. 


Jefferson Chemical files new patents for “improved way to make diols and 
triols, alkylated phenols, and better method for preparing butylene 
oxide from butylene chlorohydrins" . . . Leonard Process designs new 
combination ethyl, isopropylamies plant which permits "wide flexibility 
in quantity of ethyl or isopropylamines produced. Catalyst system per- 
mits recycle of any of mono, di, or tri amine compounds formed in reac- 
tion between ammonia and alcohol" .. . UOP and Cal Research begin li- 
censing new Isomax process, which cracks oil in presence of hydrogen. 
Companies claim it "produces more gasoline per barrel than previous 
cracking methods and helps refiners adjust gasoline-fuel oil production 
to demand." 


QUICK LOOK AROUND THE WORLD finds Bureau of Mines upping helium price from 
$19 Mcf to $35 Mcf. Price increase, first since 1954, will help finance 
government's new long-range helium conservation program. Federal 
agencies, the biggest users, will bear most of increased costs... 
Arab League considering Petroleum Authority of its own, organized along 
Egyptian lines, to coordinate oil policy, prices, etc ... U.S. 
District Court denies pleas of Independent Refiners Association and 
three individual refiners to intervene in Jersey Standard suit contest- 
ing sliding-scale imports program. They're expected to appeal. 


Japan's refining capacity goes over l-million-bpd mark. Burst of expan- 
Sion in last two years has brought combined capacity to 1,019,390 bpd 

- « « U.S. Bureau of Public Roads estimates 2.8% gain in motor vehicle 
registrations in U.S. during 1961, for total of 73.9 million . .. Blast 
and flash fire in Humble's Baytown hydrodesulfurization unit injures 
three, but equipment damage was minor . . . Conoco alkylation unit at 
Lake Charles explodes via leak in compressor. Four injured, unit and 
boiler house sustained serious damage. 


MORE NEWS AND TRENDS on the HPI's latest developments in technology, 
economics, government affairs, and general-interest news, don't miss 
"What's Happening" beginning on page 43. 
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A Yuba Heat Transfer Corporation Petro-Chem cylindrical heater 
being lined with B&W Insulating Firebrick. 


Why Should This Oil Heater Lining 
Last 21 Years-or More? 


THE ANSWER: B&W INSULATING FIREBRICK 


Since 1940 B&W Insulating Firebrick have been used to 
line over a thousand oil heaters of this type. B&W K-1620, 
K-20, or K-23 IFB are being used successfully for direct 
exposure in this service, depending on operating conditions. 
Recent inspection of many units has shown that the B&W 
IFB linings were still in excellent condition. That’s why Yuba 
Heat Transfer Corporation looks forward to a long and 
profitable service life from each new B&W IFB lining. 


B&W Insulating Firebrick reduce over-all cost in chemical 
and petroleum process furnaces because they offer: 


Long Life — B&W Insulating Firebrick are long lasting 
because of the exceptional refractory nature of their base 


ingredients and the high processing temperatures to which 
they are subjected during manufacturing. 


High Hot Load Strength — B&W IFB provide maximum 
load-bearing capacity under operating temperatures. Many 
oil heaters have been built with walls 80 feet high with no 
intermediate supports. 


Low Heat Flow — The porous structure of cost-cutting 
B&W IFB gives excellent insulating properties and this 
means extremely low heat flow. 


Bulletin R-38 contains complete data on lightweight B&W 
Insulating Firebrick. Write for your copy to The Babcock 
& Wilcox Company, Refractories Division, 161 East 42nd 
Street, New York 17, New York. 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 





NEW 


Orthoflow Reduced Crude Catalytic Cracking 


MORE GASOLINE 


Orthoflow® fluid catalytic cracking of 
reduced crudes offers refiners a new 
method for converting heavy residual 
oils into more valuable low-boiling 
products. The process can be used 
alone or in conjunction with conven- 
tional cat cracking. Under certain cir- 
cumstances, it can be used to elim- 
inate entirely refinery output of heavy 
fuel oil. 

The new process operates over a 
wide range of feedstock and operating 
conditions. Residuum from either at- 
mospheric or vacuum distillation units 
can be cracked; severity can be varied 
to meet individual client requirements. 
Product range is similar to that from 
conventional catalytic cracking, and 
includes high octane gasoline, furnace 
oil, and heavy cycle oil. In addition, 
olefin-rich light ends produced by the 
process make an attractive feedstock 
for production of petrochemicals. 

Now in commercial operation, Or- 
thoflow reduced crude cracking is the 


® Registered trademark of The M.W.. Kellogg Company 
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LESS HEAVY FUEL OIL 


result of five years of research and de- 
velopment by The M. W. Kellogg Com- 
pany. Extensive studies at the laboratory 
and pilot plant levels have enabled 
Kellogg engineers to develop expressions 
which combine the effects of heavy metal 
contaminants, catalyst replacement rate, 
temperature, and steam partial pressure 
on catalyst activity and selectivity. As a 
result of this effort, it is now possible to 
determine in advance the optimum cata- 
lyst rates and product distribution for 
individual refinery situations. 

For additional information about Or- 
thoflow reduced crude catalytic cracking, 
you are cordially invited to write to The 
M. W. Kellogg Company. 


THE M.W. KELLOGG COMPANY 


711 Third Avenue, New York 17, N.Y. 
Subsidiary of Pullman Incorporated 


THE CANADIAN KELLOGG COMPANY, LIMITED, TORONTO 
KELLOGG INTERNATIONAL CORPORATION, LONDON 
SOCIETE KELLOGG, PARIS 

DEUTSCHE KELLOGG INDUSTRIEBAU G.m.b.H., DUSSELDORF 
KELLOGG PAN AMERICAN CORPORATION, BUENOS AIRES 
COMPANIA KELLOGG de VENEZUELA, CARACAS 

COMPANHIA KELLOGG BRASILEIRA, RIO DE JANEIRO 
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‘62 --Happy New Year for HPI? 


ABOUT TWO WEEKS after this copy of Hypro- 
CARBON PRocEssING & PETROLEUM REFINER hits your 
mailbox, the HPI will step with the rest of the busi- 
ness world into 1962. Will the step be reluctant—fal- 
tering—nervous? Or can we look ahead confidently 
to 12 months of growth and gratifying progress, and 
take our stride with, as President Kennedy says, 
“vigor?” 

According to Malcolm P. Murdock, Ethyl Corp.’s 

vice president of sales, the outlook is optimistic. 
Here’s what he found out from discussions with ex- 
ecutives in HPI companies representing more than 
75 percent of the U.S. refining capacity: 
Gasoline. Demand up 2.8 percent over 1961 to 4.3 
million bpd. Reason: Over-all increased business 
health means more money in circulation for vacation 
auto travel and weekend “joy riding.” Motor vehicle 
registrations will go up 2.8 percent, says the Bureau 
of Public Roads. Detroit’s new “middle compacts” 
will use a little more fuel than smaller models of 
1960-61. 


Kerosine. Demand up 7.4 percent over 1961 to 435,- 
000 bpd. Reason: Big switch to jet fuel by commer- 
cial airlines (now accounting for one-third of con- 
sumption). 


Distillates. Demand up 2.0 percent over 1961 to 4.94 
million bpd. Reason: Improved industrial activity 
will mean more diesel fuel consumption by trucks, 
buses and railroads. 


Residuals. Demand up 2.4 percent over 1961 to 1.55 
million bpd. Reason: Improved industrial activity by 
big residual users, such as steel, electrical-generating 
plants, and steamships, etc. 


Other products. Demand up 5.2 percent over 1961 
to 1.94 million bpd. Included here are the. remain- 
ing 2,000 petroleum-based products (miliary jet fuel, 
LPG, lubricants, asphalts, and petrochemical feed- 
stocks). Reason: Rapidly expanding market for LPG 
and petrochemicals. For example, in 1960 alone LPG 
demand jumped 19.5 percent over 1959. Five-year 
projection of LPG as chemical feedstock reveals po- 
tential increase of 88.6 percent. Petrochemicals are 
continuing their phenominal growth too, and an un- 
usually large number of plants are due on stream 
in ’62, accounting for a large part of the 5.2-percent 
growth of miscellaneous petroleum products. 
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A Quick Look Back. The petroleum industrv has 
had its share of problems in *61: (1) world-wide 
crude oil oversupply, (2) excess refining capacity, (3) 
diminished rate of consumption of gasoline, industrial 
fuels, and other petroleum products, (4) more com- 
petition from natural gas, coal, and foreign oil. 

Thus, in 1961 there was an over-all increase in 
petroleum-product consumption of only 1.8 percent 
over 1960. But generally, 62 will be a better year, 
to the tune of 10-million-bpd consumption, an in- 
crease of 3.2 percent. 


A Long Look Ahead. But despite these encouraging 
signs for the HPI’s new year, there are several flies 
in the pudding. There is no point trying to ration- 
alize that they aren’t there, through the preceding 
statistical analysis, encouraging as such an analysis 
may be. A hobo can smile because he. isn’t broke 
when he has a dime, but he’s not much richer either. 
So let’s take a look at some of the long-range prob- 
lems the HPI must face in the coming year, and 
probably for years to come. 


Cost-Price Squeeze. In a competitive-enterprise 
economy, the margin of profit is the test for business 
success——not productivity. Ideally, then there should 
be a direct correlation between productivity and 


profit. Is there, in the HPI? 


The answer is an emphatic no. Rising labor costs 
and outmoded depreciation laws on new plants and 
equipment literally have the HPI between a rock and 
a hard place. Some of this disadvantage has been 
offset by foreign investment—but last year the ad- 
yninistration proposed taxation of undistributed for- 
eign income, treating overseas investment as a tax 
“loophole.” Congress bypassed the proposal for the 
time being, but it will surely come up again. This 
will be one issue the industry must meet head on in 


1962. 


National Fuels Policy. By the end of january, the 
Senate subcommittee studying the feasibility of a 
National Fuels Policy will either be prepared to make 
a recommendation on this vital issue, or ask for more 
money and time to study it. In either event, the NFP 
question will have to be resolved sooner or later, but 
probably will come to a head next year. A recom- 





Gas purity goes up, costs go down 


with Solvay Potassium Carbonate! 


The Hot Carbonate Process, using 
Solvay® Potassium Carbonate, is the 
economical way to scrub carbon 
dioxide from process gasses, and 
carbon dioxide, carbony] sulfide, and 
hydrogen sulfide from natural gas. 
The process yields a gas conforming 
to natural gas pipeline specifications. 


The Hot Carbonate Process is efficient 
—it reduces steam requirements and 
the need for costly heat exchangers, 
because absorption and regeneration 
are carried out at essentially the 
same temperature. Wherever condi- 
tions of fairly high concentration 
and partial pressure exist, this sys- 
tem should be considered as the most 
economical means of gas scrubbing! 


A NEW, FREE BOOKLET tells | fi 
you all about “The Hot Potassium / At low cost, Solvay 
Carbonate Process for Acid Gas \ ; : “omaee 
Absorption.” Write us today on your ; pipeline specifications. 
letterhead for your copy. Ask for : 

Technical Service Report No. 6.61. 


llied 
hemical 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N. Y. 


























The Look Box for December 





mendation favoring a NFP would have tremendous 
repercussions on the HPI. 


Anti-Trust. Justice Department’s Robert Kennedy 
has tried to smooth over what business generally re- 
gards as the administration’s “witch hunting” attitude 
toward mergers and joint enterprises. The fact re- 
mains, there are two bills before Congress to restrict 
major suppliers which sell through both their own 
outlets and through independent dealers. 

During 1961, the Justice Department filed anti- 
merger cases against Conoco, Suburban Gas, and 
Standard of Indiana. In the latter case, the govern- 
ment was denied a preliminary injunction, and the 
merger took place (Honolulu, Tidewater, Pan Amer- 
ican Petroleum). Meanwhile, Conoco and Suburban 
deny anti-trust charges and will go to court. 


European Economic Community. The EEC could 
seriously hamper trade relations between the U.S. 
and independent Western nations. This enormous 
trade block, working as a combined unit, has a poten- 
tial surpassing the U.S. competitive position. Presi- 
dent Kennedy has recognized this threat, and is study- 
ing measures that can be taken to assure equity for 


both the U.S. and the EEC. 


As far as the HPI is concerned, the threat is not 
too great, at least for the present. U.S. markets are 
still gasoline oriented, and Europe, with its relatively 
non-gasoline economy, poses no problem in interna- 
tional markets. In petrochemicals, on which favorable 
payout is still determined by large-plant, volume pro- 
duction, the U.S. still holds a firm lead. European 
and Japanese plants still don’t have the capacity to 
compete with American mass production. 

Nevertheless, foreign petrochemical activity is on 
the rise, and their competitive position is becoming 
more and more favorable. The recent “dumping” 
charges by European nations against U.S. polyethyl- 
ene manufacturers have touched a sore point. Unless 
there is a reconciliation of viewpoints, the HPI can 
expect stiff tariff penalties on petrochemical exports. 
France has already taken such action, and Germany 
plans to early this spring. 


Other Problems. Among other problems facing the 
HPI in ’62 will be the long-standing imports question 
and depletion allowance issue, and the usual prob- 
lems with labor, concerned over automation layoffs. 


The big picture is not as rosy as our statistical 
approach, but there is still reason for some optimism. 
Mr. Murdock’s figures do show that we’re growing 
toward what may be oil’s best year since 1957. Mean- 
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while, we can sharpen our spears for the battles still 
ahead, leaving apathy behind for those who already 
predict oil will eventually be a public utility. 


A bargain for democracy: 
Bargain The American patent system. 
For Democracy Contrary to what many be- 

lieve, today’s patent laws are 
aimed toward protecting and gratifying society. They 
are not primarily intended to shield the inventor, but 
instead to benefit society as a whole. 

“The cost to society is nothing at all,” according to 
Samuel Lenher, a vice president, director and mem- 
ber of E. I. du Pont de Nemours & Co.’s executive 
committee. “For the inventor receives nothing he did 
not already have and the public receives, in return, 


something it would not otherwise have found avail- 
able.” 


Today’s inventor must be provided some type of 
temporary safe conduct to survive his journey through 
the jungles of competition and innovation. This is 
where our patent program again benefits society and 
not the inventor. Because without freedom and open 
communication of knowledge made possible by the 
patent system, the spread and growth of greater 
knowledge—technology—would deteriorate. 


Lenher points out that “without a functioning 
patent system, we would inevitably reward not those 
who innovate but those who imitate; the fruits of one 
borne away by the other. Or we would develop a 
technology of closed lips and furtive movements, an 
environment built on espionage, bribery, and piracy 
. . » No society so handicapped could long remains 
free; no society so burdened could indeed remain 
tolerable.” 


If our patent system were to weaken, society as a 
whole would feel the all-encompassing blow, not our 
individual inventors. The privilege it offers to the in- 
ventor is, like a pat on the back, only a sparkling an- 
ticipation of favors to come. 

“As long as our patent system provides the climate 
in which discovery can flourish, there will be con- 
tinual progress and harvest of common benefits.” 


When we begin to think of what will logically 
follow the introduction of petroleum-driven ma- 


‘chinery into areas such as India now is, with its 


hundreds of millions of people; when we begin to 
think of the vast areas in Africa and elsewhere that 
have never felt the touch of any sort of plow; when 
we contemplate the incomparable quantities of energy 
that will be required to raise the living standards of 
literally billions of people, then I think we can begin 
to see that the growth of the petroleum industry has, 
in fact, hardly yet begun. 
—E. D. Brockett, Jr., President, 
Gulf Oil Corporation 
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“K&M” ZEBRA Pipe Insulation proves its toughness before it leaves home! In torture 
tests by hard-to-satisfy K&M engineers, ‘K&M” Zebra® proves its ability to withstand heat, 


shock and vibration. Its multi-layer, sectional-type construction of calcium-silicate—asbestos 


bonded felts requires no babying on the job. Demonstrates a deflection at breaking point 2 to 
4 times that of ordinary insulation. Stands up under 
periodic removal for line inspection. “K&M’”® Zebra . 
Pipe Insulation prevents heat loss indoors and outdoors, a eRe 


through a temperature range from 200 F to 1200 F. Its 


smooth, dust-free surface facilitates handling (no skin irri- easpe } 
¥ 
tations or penetration). Half-sections and sizes available altison. 


through 24” pipe diameters. For more information, write: 


Keasbey & Mattison Company, Ambler, Pa., Dept. I-2121. alll Amtbiler 
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IMPERMEABLE « UNSINKABLE « ELECTRO-CON- 
DUCTIVE + POSITIVE PERIPHERAL SEAL + ANY 


SIZE TANK « ANY NUMBER OF VERTICAL COL- 
UMNS « The Hamondflote Cover provides a strong, 
rigid, permanently buoyant, extremely lightweight float- 
ing cover for liquids in tank storage. It minimizes evap- 
oration losses, protects product quality and prevents 
corrosion. It pays for itself in months. 

Write for Bulletin 204...it will help you to figure your 
evaporation losses in barrels and gallons...and your 
savings in dollars. 


Pittsburgh-Des Moines Steel Company 


SIMPLE FIELD ASSEMBLY: The Ham- 
ondflote Cover can be installed by 
regular maintenance crews without 
special taols. The light modular poly- 
urethane sandwich sections are ef- 
fortless in handling. They are quickly 
and securely joined. 


TOUGH, FLEXIBLE SEAL: The inter- 
locking seal sections of the Cover are 
loops of Buna-N. The resilient, flexi- 
ble annular ring created by the as- 
sembled sections always provides an 
effective seal. 


STRONG, LIGHTWEIGHT BASIC 
SECTION: The Basic section of the 
Hamondflote Cover is a composite 
structure of polyurethane foam and 
aluminum. It is strong and light. Be- 
cause the cellular composition of the 
foam is ‘“‘closed,”’ it will not admit liq- 
uid, thus assuring buoyancy, and ren- 
dering Cover unsinkable at all times. 





[umammens tapeacavons -comranc tons | 


12 plants to serve you coast to coast 


; oman 


Sales Offices: Atlanta 5 * Baltimore 26 + Boston 10 « Bridgeport 5 » Chicago 3 « Dallas 1 « Denver 2 « Des Moines 8 « Ei Monte « Fresno « Jacksonville « Los Angetes 57 « 
Newark 2 « New York 17 « Pittsburgh 25 « Sacramento + Santa Clara + Seattle 1 + Stockton licensees and sales offices in many foreign countries including Argentina, 
Chile, Australia, Belgium, Brazil, Canada, Colombia, England, France, Haiti, India, Italy, Japan, Mexico, Netherlands, Peru, Puerto Rico, Sweden and W. Germany. 


PITTSBURGH, WARREN, BRISTOL, PA. « BALTIMORE « BIRMINGHAM « DES MOINES 
PROVO, UTAH « CASPER, WYO. « SANTA CLARA, FRESNO, STOCKTON, CALIF. 
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Put long run reliability into your performance picture 


@ Wide line of finest quality copper-base alloys @ Nationwide warehouses, completely stocked, 
for every type of heat exchanger, condenser, in Houston, Beaumont and Corpus Christi, 
evaporator, cooler and feed-water heater need Texas, Baton Rouge and Lake Charles, La., 
—including Admiralty and Cupro-Nickel com- Tulsa, Los Angeles and South Brunswick, N. J., 


binations. to serve customers from coast to coast. 
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..With Phelps Dodge copper-base alloy tubes! 


Expert engineering service to help solve 
all kinds of tube corrosion problems, de- 
ermine the exactly correct alloy for your 
specific application. 


Specify the best—at the same cost as the rest! 
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PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
SALES OFFICES: Atlanta, Birmingham, Ala., Cambridge, Mass., 
Charlotte, Chicago, Cincinnati, Cleveland, Dallas, Dayton, Denver, Des 
Moines, Detroit, Fort Wayne, Honolulu, Houston, Indianapolis, Jackson- 
ville, Kansas City, Mo., Los Angeles, Memphis, Milwaukee, Minneapolis, New Orleans, New 
York, Philadelphia, Pittsburgh, Portland, Ore., Richmond, Rochester, N. Y., San Francisco, 
St. Louis, Seattle, Tampa, Washington, D. C. 


For more data on advertised products, use cards, last page. 
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takes big bite out of compression costs 





























In-Line Gas-Engine-Driven Compressors. Gas-Engine-Driven Centrifugal Compressors. Gas Turbine Compressor Units. 
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Compressor station equipment in modules—That’s 
the latest big news from Clark . . . and it’s your cue 
to one of the soundest, most far reaching proposals 
ever made for reducing compressor costs. 

Here’s how the Clark modular system works — 
Taking a look at high compressor station costs, par- 
ticularly the expensive field labor required to install 
all the equipment, Clark engineers came up with a 
bold new manufacturing plan to help operators save 
money: First, arrange station equipment into related 
modular systems. Second, engineer and fabricate 
each module completely at the factory under con- 
trolled shop conditions and with efficient labor. 
Third, ship the modules to the job site, ready for 
quick, easy hookup. 

Substantial all-around savings—Startling in its 
simplicity, the Clark Modular System offers numerous 
opportunities to cut costs. Here are a few: 

e Pre-engineering drastically reduces the user’s 
engineering workload and cuts down elapsed time 


from project go-ahead to startup. 

@ Field fabrication is sharply reduced. Just locate 
modules and run piping to and from the driver. 

® Delays and other hazards of “‘cut and try”’ field 
installation are eliminated. 

@ Each module is complete within itself, not de- 
pendent upon other systems for satisfactory operation. 

@ Orientation and location of modules can be 
varied to suit any installation or terrain requirement. 

e The modular system permits compressor instal- 
lation on a simple, easily poured concrete slab. 

® Additional compressors with their accompanying 
modulat auxiliaries can be readily and quickly in- 
stalled as the station expands. 

Sound interesting? Your nearby Clark represent- 
ative has a remarkable story to tell, complete with 
facts, figures, engineering drawings and economic 
comparisons. Contact him today. 


CLARK BROS. CO., OLEAN, N.Y. 


; A working partner in allied industri 
BH iINDUSTRIES oP r industries 


Cc if 1c " 
ae | PODBIELNIAK itn Apporetus 
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ELECTRONIC - INDUSTRIAL 


V-Type Gas-Engine-Driven Compressors. 
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di Like the refining and petrochemical industry, 
REFINERY CATALOG never shuts down. Through this 
exclusive industry buying handbook, more than 300 
manufacturers and service companies maintain rep- 
resentatives at your side 24 hours a day, throughout 
the year. 

In REFINERY CATALOG, you have—as near as 
your desk — complete or condensed catalogs describing 
in detail thousands of products and services used by 
the oil, gas and petrochemical processing industry. 


... . 8,760 hours a year! 


Completely cross-indexed for maximum efficiency, 
the REFINERY CATALOG makes buying or specifying 
as rapid and efficient as possible. 

Take advantage of your perpetual corps of sales 
reps, REFINERY CATALOG. It’s the buying data-refer- 
ence book of the industry ... the only one of its kind 
available. 


Included in the REFINER CATALOG is the 
128-Page A-S:-A Refinery Piping Code 


REFINERY CATALOG, 





From Dorr-Oliver.. . 


NEW TMC 


DORRCLONE 























TMC DorrClone with midget manifolded 
cyclones handles entire bottom stream. . 
up to 10,000 bbls/day in new or existing 
installations ...can pay for itself in a month! 


The TMC DorrClone is a major new tool for refinery 
processing. Initial installations prove beyond question 
that it offers sensational opportunities for important 
cost savings. 

The specific advantages of the TMC DorrClone, com- 
pared with thickeners or cone bottom settlers, are 
numerous and substantial. Briefly — 


1. You save valuable space ... When a 3 foot TMC 
DorrClone occupies only about 7 square feet, there 
is little reason to tie up more than 1250 square 
feet with a thickener 40 feet in diameter. 


2. You can raise the capacity of most crackers 
materially ... The TMC DorrClone concentrates 
solids to 45-50%, compared with the normal 10%. 
This reduces the amount of cracked oil recycled, 
and thereby reduces carbon formation. 


3. You save directly on catalyst cost . . . for the 
TMC DorrClone eliminates up to 99.5% of the fine 





particle carryover commonly contained in the 
thickener (or decanter) effluent. Reclaimed cata- 
lyst can be returned to the reactor. 


. You work under conditions of greater safety with 
the TMC DorrClone . . . Construction is completely 
closed. There are no spills, no boil-overs, no danger 
of fire or explosion. 


. You save on maintenance. . . because you largely 
eliminate the need to dig out settled solids in the 
fuel oil tank. 


Whether you are planning to replace your present 
thickeners or cone bottom settlers, or are equipping 
new FCC units . . . investigate. Let refinery-experi- 
enced Dorr-Oliver engineers help you evaluate the 
TMC DorrClone for your operation. 

Look into the savings you can make. Write to Dorr- 
Oliver Incorporated, Stamford, Connecticut. 


?"DORR- OLIVER. 


a a Ow WORLD-WIDE RESEARCH ¢ ENGINEERING ¢ EQUIPMENT 





3 FT. DIA! 























The TMC DorrCione is designed around compact, long-life, midget 
aluminum oxide cyclones, manifolded in groups in parallel. in this 
exploded view, a number of the cyclones have been removed to permit 
a clearer view. Inserted blanks can adjust capacity. All cyclones operate 
alike, and each clarifies approximately 30 bbls/day. Clarified oil under 
high centrifugal force swirls to the center of each cyclone, flows up and 
out. Solids flow helically down the tapered side of the interior and out. 
Particles are classified at approximately 5 microns. 





TO: DORR-OLIVER INCORPORATED 
STAMFORD, CONNECTICUT 
Attn.: Mr. O. W. Johnson 


( Please send me more information on the 
TMC DorrClone. 


0) Please have sales representative call. 





Name 








Title 





SPECIFICATIONS 





Company 





Capacity, bbls/day 
Height, inches 
Diameter, inches 
Weight, Ibs, (approx.) 
Pressure, psig 
Temperature, °F. 


Address 





City 
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This big fabrication is no tall story 


It took six flat cars to ship this giant out of American Bridge’s Orange, Texas, plate shop. Over 
220’ long and more than 12’ in diameter, this tower is made from 33 steel rings, formed from 
16-inch plates. High capacity boom-mounted electric welders joined the 33 rings, and special 
X-ray equipment checked the weld seams. [] What did we do for an encore? We fabricated 
three more towers, all about the same size—and weighing over 200 tons each. (1) Badger 
Manufacturing Company, Engineers and Constructors, designed and erected the towers for a 
styrene manufacturing plant* now under construction for Sinclair-Koppers Chemical Com- 
pany. L) King-size, custom fabrication is routine at American Bridge’s Orange plate shop. 


Staffed by experienced experts, completely equipped with modern fabricating facilities, 


So This mark tells you a product is made of modern, dependable Steel 





ey 


cleared for all major tank and pressure vessel code work, and strategically located for rail, 
truck and water shipment; you can rely on precise, prompt and economical service on practi- 
cally all plate work at American Bridge. (1) Contact the nearest American Bridge contracting 
office and see how our services can work for you. USS is a registered trademark 


*Process Licensor: Cosden Petroleum Corporation 
General Offices: 525 William Penn Place, Pittsburgh, Pa. « Contracting Officesin: Ambridge « Atlanta « Baltimore e¢ Birmingham e Boston e« Chicago e¢ Cincinnati 


Cleveland « Dallas « Denver e Detroit e Elmira « Gary e Harrisburg, Pa e Houston e LosAngeles e¢ Memphis e Minneapolis « New York 
Orange, Texas ¢ Philadelphia « Pittsburgh ¢ Portland, Ore. e Roanoke e St.Louis e« Sanfrancisco e« Trenton e United States Steel Export Company, New York 


American Bridge 
Division of 
United States Steel 








corrosion protection for a leading corrosion fighter... 
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THE GLASCOTE SYSTEM-—Used for manufacturing oil treating vacuum coincident with 90 Ibs pressure in the jacket. Heat 
chemicals. The installation consists of a 2000-gal. Glascote exchangers, reactor, receiver, condenser and pipe are all lined 
reactor complete with 3-blade impeller type agitator. The with Glascote’s best acid-alkali resistant glass — the ultimate 
reactor is designed to withstand 100 Ibs pressure or full in corrosion resistance and longer service life. 


VISCO CHECKS PROCESS CORROSION WITH GLASCOTE 


Visco Products Company of Sugar Land, Texas makes oil treating chem- 
icals — including highly effective corrosion inhibitors for oil and gas wells. 


Strangely enough, at one stage of their manufacture these same powerful ES 
corrosion inhibitors are actually a highly corrosive compound! And Visco peor etree to. a td 
equipment used at this time must be well protected against corrosion. 

Like many other leading chemical processors, Visco has found Glascote’s 
glass lining provides outstanding protection for reactors processing highly PORATION 
corrosive compounds, After more than a year of operation Visco engineers 


have reported: “We are particularly pleased with the Glascote seal . . . it is GLASCOTE PRODUCTS, INC. 
working perfectly. No leaking, no spillage.” 


Subsidiary: 


Cleveland 17, Ohio 

If you’re planning a new process installation, why not plan on Glascote 
for efficient, economical, reliable glass-lined processing equipment. Call a 
Glascote sales engineer for the complete story. And be sure to see Glascote’s 
complete line brochure in the Chemical Engineering Catalog, pages 499-506. 


World’s largest manufacturer of 
glass-protected steel products 
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ECa M's LINE OF HIGH VOLTAGE STARTERS GIVES YOU 


EXACTLY the Right Starter for Any Location!” 


| 





* Hazardous Location, Class I, Group D, 
Divisions 1 and 2 


TOTALLY 
OlL- 
IMMERSED 


OiL- 
IMMERSED 


Type AT Combination Starter shown with Contactor 
and Overload Panel raised above the oil level with- 
out disconnecting any bolts or leads—in NEMA 
3R enclosure for outdoor mounting, avail- 
able in 50,000 KVA (certified) , _ 

interrupting capacity. 28 7 Type AM Combination Starter in NEMA 
“as 3R enclosure for indoor or outdoor loca- 
tions—available in 50,000 KVA 
(certified) interrupting capacity 
—and VALIMITOR.® 


, | 





}] 
é-2 
4" 
‘>? 


he 
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= 
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{ 
* 
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Type AH Combination Starter in NEMA 
1 or 3R enclosures for indoor, outdoa: or 
pressurized control room—available i Type AFG Combination Starter for 
in 3 interrupting ratings, 50,000 j <3 Pressurized Control Rooms. Built in 
KVA— POWER FUSED—and ah si : Class E1, Class E2 and VALIMITOR.® 


. For complete information 
write for Bulletin 8131-L 











SQUARE J) COMPANY 


EC&M.DI ON - CLEVELAND 28, OHIO 











wherever electricity is distributed and controlled 
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—that’s WALWORTH DUCTILE IRON VALVES! Walworth’s special* ductile iron 
alloy offers steel-like strength and toughness. That’s why these valves are 
practically “shatterproof’’—with exclusive Walworth Valve quality for good 
measure! a Think of WALWORTH DUCTILE IRON VALVES wherever your valves 
face unusual flexing conditions— and where economy is a consideration. 
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WALWORTH DUCTILE IRON VALVES are now available in gate, globe, check 
and angle types...2”-24”...in ASA150 and 300 Ib. classes. See your Walworth 
distributor, or write Walworth i ya 750 Third Ave., New York 17,N.Y. 
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the Walworth companies: Alloy Steel Products Co. - Conoflow Corp. - Cisve Valve & Regulator Co. - M&H Valve and Fittings Co. *, 


Shatterproof! 


*Walworth specifies minimum elongation of 18% 
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TAKE A CLOSE LOOK AT ROCKWO 





Rubber outperforms any other 
material in ball valve seats. It seals 
tighter, lasts longer because it is 
tough, resilient and resists abra- 
sion. Teflon is used when corro- 
sion resistance and high tempera- 
tures are prime factors. 


Whether with Teflon or rubber 
seats, all Rockwood valves are 
durably built to last longer — and 
stay sealed through a// pressure 
and flow changes —in liquids, 
gases or solids. 





And only Rockwood valves have 
all these important features. 


Larger Waterway Diameter for 
smoother flow, less pressure loss. 


Truly Spring-loaded Ball Seats — 
compensate for wear, pressure 
variations, physical changes and 
temperature effects. 

Ease of Maintenance — no lubri- 
cation, most parts are replaceable 
using ordinary tools. 


Reliability — Rockwood pioneered 
ball valve manufacture and Rock- 


OD BALL VALVES 


Hil 
ae 


wood valves are still the standard 
of quality and dependability. 


Contact your Rockwood man and 
get the full details of his complete 
line of ball valve types and sizes. 
Write Rockwood Sprinkler Com- 
pany, Ball Valve Department, 258 
Harlow Street, Worcester 5, Mass. 
Distributors in all principal indus- 
trial areas. Rockwood Sprinkler 
Company, A Division of The Game- 
well Company, A Subsidiary ™jam; 
of E. W. Bliss Company. ms 


ROCKW@OD 


BALL VALVES 


32 For more data on advertised products, use cards, last page. 
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For 35 years, beneath the suburban 
passenger cars of the Illinois Cen- 
tral Railroad, Alcoa® aluminum 
conduit took the toughest torture 
Chicago’s industrial atmosphere 
could provide. 

35 of Chicago’s blistering sum- 
mers. 35 of Chicago’s blustering 
winters. Snow. Ice. Rain. 

And only the labels were de- 
stroyed. 

For 35 years this aluminum con- 
duit has been protecting the cars’ 
electrical system, located beneath 


2 





the cars where they are subjected to 
most severe service conditions. 

The aluminum conduit shrugged 
off atmospheric attack. Still on the 
job, it is delivering the same effec- 
tive protection as the day it was in- 
stalled. 

Perhaps you can benefit from 
Alcoa aluminum conduit’s corro- 
sion resistance, lightness and 
strength in your plant. Contact 
your Rome-Alcoa representative, or 
write Rome Cable Division of Al- 
coa, Dept. 19-121, Rome, New York. 


ALCOA 
ROME CABLE 


ee SS 


Oo N 








The Alcoa aluminum conduit beneath this 
IWlinois Central car has been in operation 
since 1926—and only the color has changed. 
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Installed out-in-the-open, the unit generates 165,000 pounds of steam per 
hour at an operating pressure of 650 psig and 750°F. total temperature 
when firing pulverized coal or gas in a tangent tube, fully water cooled, 
pressure tight, steel encased setting. 


Outdoor installations, with firing equipment 
housed, have been promoted by Vogt for many 
years. They help reduce building and operating 
costs in leading chemical plants and _ refineries 
across the nation. 

Contact the Vogt representative nearest you before 
purchasing new steam generating equipment. 


For Custom Installation Bulletin VF-VS-2. Package 
Unit Bulletin PSG-3 address Dept. 24A-BPR. 


]. F. Pritchard & Co. xe For Direct Long Distance to Louisville 
Engineers-Constructors diol: 502 ME 4-9411 


ER 
aS 


BY oat STEAM GENERATORS 


HENRY VOGT MACHINE CO., P. 0. BOX 1918, LOUISVILLE 1, KY. 


SALES OFFICES: Camden, N. J., Charleston, W. Va., Chicago, Cleveland, Dallas, 
Los Angeles, New Orleans, New York, San Francisco, Seattle, St. Louis 
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Why we batter pails to make them better! 


You can’t buy these steel pails. They’re guinea pigs... 
pulled from a regular production run. They’re being 
put to gruesome endurance tests to find out how well 
they’re built. The tests not only prove that our pails 
are made according to government specifications— 
they also prove that U.S. Steel pails are unsurpassed 
in ruggedness and quality. (| Here are the tests: We 
fill a pail with bicarbonate of soda, seal it, hoist it up 
four feet or more, then drop it on its top edge. We use 
a vacuum apparatus to draw the atmosphere out of a 
pail until it collapses. We crush pails ina compression 
machine. We stack filled pails and shake them on a 
vibrating machine which simulates shipping condi- 
tions until the bottom pail collapses. Every pail we 
make is checked on the production line to be positive 
of tightness. () The tests abuse pails far more than 
the knocks of a normal lifetime. Next time you need 
steel pails you know you can count on—order them 
from U.S. Steel Products. Complete specifications 
and plant locations are available on the next page. 


Vacuum Test: Inspector drains the air out of a 
steel pail in the vacuum test until the pail’s 
sides cave in. 





Above Shake-Table Test: Stacked, filled pails are bounced 
around unmercifully on the shake table simulating the rough- 
est shipping conditions. 


Left Drop Test: Filled with bicarbonate of soda, this steel pail 
is being dropped six feet onto a concrete floor. 





Note: A!! pails listed below as well as our complete line of drums, have a wide variety of open- 
ings and fittings. They are also available in any color combination or specified design, and 
with any required lining. Plant Locations: Alameda, California, 1849 Oak Street, Phone: Lake- 
hurst 2-5511 e Camden 1, New Jersey, P. O. Box 530, Phone: Normandy 3-8000 e Chicago 
27, Illinois, 14700 Harvard Avenue, Phone: Interocean 8-9610 e Los Angeles 58, California, 
5100 Santa Fe Avenue, Phone: Ludlow 7-2121 e New Orleans 23, Louisiana, P. O. Box 23152, 
Phone: Vernon 3-2851 e Port Arthur, Texas, P. O. Box 1440, Phone: Yukon 2-9455 e Sharon, 
Pennsylvania, P. O. Box 251, Phone: Gibson 8-6841 


Approx. No. 
Capacity Inside Overall Inside Outside Per Carload 
Gallons Height Height Diameter Diameter 


STRAIGHT SIDE TIGHT HEAD PAILS 


7-61/64 8-13/16 11-1 
9-13/64 10-1/16 11-1 


11-1/ 2 0/8 
11-1/2 0/9 


12-45/64 13-9/16 11-1 
12-45/64 13-9 11-1 
15-5/64 15-15 11-1 


11-1/2 1/1 
11-1 1/1 
11-1/2 1/3 


4 
4 
9-13/64 10-1/16 11-1/4 11-1/ 0/9 
4 
4 
4 


COVER PAILS 


7-37/64 8-1/2 1 2-1/16 
7-37/64 8-1 16 
8-53/64 9-3 1- 16 
8-53/64 9-3 

12-21/64 13-1/ ‘ 16 
12-21/64 13-1 16 
12-21/64 13-1 

14-45/64 15-5/8 

15-57/64 16-13/16 

15-57/64 16-13/16 


DOUBLE BEAD 


7-53/64 8-11/16 
9-5/64 9-15/16 
12-37/64 13-7/16 
12-37/64 13-7/16 
14-61/64 15-13/16 
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U.S. Steel Products 
Division of 
United States Steel 


98419 











The Most Experienced Hands 
in the Business... 


Produce Corrosion-Resistant 
WWaVé-1hel fale mm mi hadialel—mdal-ur 


Reduce Piping Costs_@& 


FEATURES 


»% Made by specialists in corrosion-resistant 
metals—in the business since 1927. 

*Cold formed from forged or wrought 
metal, eliminating porosity—no castings 
are used. 

¥* Produced of Stainless Steels 304, 304L, 
316, 316L, 347, Monel, Nickel, and 
Aluminum. 

* Stainless Steel, Monel, and Nickel fit- 
tings are annealed. 

* Ends of all fittings are accurately machine 
tool cut—not ground. 

% Regularly produced in all popular sizes 
and schedules. 

% Made in conformance with A.S.A. and 
M.S.S. Standards—much closer to nom- 
inal dimensions than to permitted toler- 
ance extremes. 


F-12 
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We have had more stainless piping experience than any other fitting manufac- 
turer—since 1927. And, we are the industry’s only specialist in corrosion- 
resistant welding fittings. What’s the dollar and cents value of this to you? 
Just this: It reduces your installation and maintenance costs. Here’s why— 

Because of our exclusive, patented cold forming process and other produc- 
tion procedures FLOWLINE Fittings afe supplied much closer to nominal 
dimensions than to tolerance extremes permitted in A.S.A. and M.S.S. specifi- 
cations. This high dimensional accuracy reduces fit-up time and assures opti- 
mum welding efficiency. 

Because we specialize in corrosion-resistant welding fittings, our methods 
of forming, annealing, end finishing, etc. put the metal used in FLOWLINE 
Fittings in the best condition for corrosion resistance. This assures maximum 
service life. 

For specifications of FLOWLINE Fittings write for Bulletins 416 and 417. 


FLOWLINE CORP. 


World’s Largest Manufacturer of Stainless Welding Fittings 
NEW CASTLE, PENNSYLVANIA «¢ Oliver 4-5541 


HOUSTON 36, 5510 Edith St: LOS ANGELES 22, 4781 East Third St. NEW YORK 7, 233 Broadwa 
A 1427 WoOrth 2-6669—TWX, NY 208 


MAdison 3-6422 Ngeles 8-3676—TWX, LA 


DENVER 4, 132) Bannock Bidg. TULSA, 15051 East Admiral PI. 
KEystone 4-6143—TWX, DN 372 TEmple 5-7575—TWX, TU 1234 
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How Wheeling Steel bought safety... 
gained efficiency with Cellulube 300 


Mr. Kenneth N. Bundy, Superintendent of Utilities Department, Steubenville 
Works, Wheeling Steel Corporation is responsible for the safe and efficient 
operation of power house equipment. Air compressor lubricant is fire- 
resistant Cellulube 300 


Compressor fires were troublesome before 
Celanese Cellulube was used in three dual stage, 
100 psi. air compressors in the power house of 
Wheeling Steel’s Steubenville Works. 

To stop this fire problem, Celanese recom- 
mended Cellulube 300. And, since use of this 


fire-resistant fluid was initiated more than five 





years ago, there has not been a single fire in any 


of the compressors! What's more, substantial 


savings have been gained through reduction in 
maintenance. 
Two of three 100 psi. air compressors in power house at Wheeling Steel. Not Celanese Cellulubes, available in SIX con- 


a single air-compressor fire has occurred at this installation since Celanese 


fire-resistant Cellulube 300 has been used as the lubricant trolled viscosities, prevent build-up of hard car- 








bon deposits. Cleaner operation eliminates the 
need for cleaning compressor auxiliaries and 
greatly reduces frequency of valve cleaning. 
Cellulubes give overall protection against wear 
comparable to that of premium petroleum oils. 
Doesn't it make sense to investigate what fire- 


resistant Cellulubes can do for you in terms of 


both safety and efficiency? The coupon will bring 


you complete details. Celanese Chemicai Com- 
pany, 522 Fifth Avenue, New York 36, N. Y. 
Celanese® Cellulube® 


Celanese Chemical Company is a Division of Celanese Corporation of America 
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 
Export Sales: Amcel Co. Inc.. and Pan Amcel Co., Inc., 522 Fifth Avenue, New York 36 
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changes 
in 
antiknock 
usage... 


ANTIKNOCK 
COMPOUND 


Your choice of the most effective antikneck and an 
optimum balance between processing and anti- 
knock compounds are more important than ever in 
today’s gasoline market. 

A different antiknock—a different refinery bal- 
ance—or a combination of both—may give you a 
more competitive fuel at the same or lower cost. 

Evaluation of octane-improvement methods and 
costs has played a major part in Ethyl’s activities 


for 38 years. Our technologists—including linear- 
programming specialists—will be glad to assist you 
in determining the best allocation of components 
and optimum antiknock concentration. 

The experience and data from our continuing 
lead alkyl evaluation program can provide un- 
matched assistance in selecting the most effective 
“Ethyl’’ antiknock from the wide range now avail- 
able. Just call your Ethyl Representative. 


ETHYL CORPORATION, New York - Tulsa « Chicago - Houston - Los Angeles 
Ethyl Corporation of Canada Limited, Toronto + Ethyl U.S.A. (Export) New York 17, New York. 
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TECHNOLOGY 


Atlantic unveils MET-X process 


Atlantic Refining is up with new “MET-X” process 
to remove metal contaminants from refining catalysts. 
Company claims process will substantially reduce cost of 
cat cracking and increase productivity to tune of $1- 
million savings per year. 

The new unit serves two cat crackers at Philadelphia 
refinery, removing metals from catalyst without impair- 
ing its ability to refine petroleum. It removes contami- 
nants from 40 tons of catalyst daily from two 2.5-million- 
gallon-per-day units. Metal contaminants are transferred 
in water solution from catalyst to an ion exchange resin. 
Catalyst is then dried and returned to cracking unit for 
re-use. Resin is returned to MET-X unit for additional 
catalyst treatment. 

The plant includes: (1) reaction section, in which 
metal contaminant is transferred to resin in a fully auto- 
matic cycle; (2) separation section, in which finely 
powdered catalyst and resin particles are separated; (3) 
treated catalyst recovery section, in which catalyst is con- 
centrated, dried and returned to cracking unit; (4) resin 
regeneration section, where metals are displaced from 
resin by an acid wash followed by a water rinse; (5) 
water treating section, producing high-purity water from 
river water. Among unique control devices: A gamma- 
ray radiation detector which records movement of resin 


Separator remedy to pollution? 


First step in program aimed at reducing oil pollution 
of seas has been initiated by U.S. Maritime Administra- 
tion. Research contract has been signed with Pfaudler, 
Permutit & Co., for oil-water separator. Program, which 
will take on other phases of sea water pollution problem, 
will probably cost $50,000 during first stage. 

Requirements for separator: Must be simple in de- 
sign, fully automatic and require minimum maintenance 
and attention. Process should be able to treat mixture 
with oil concentration varying from zero to 100 percent 
at any one time. 


Method to detect amines 


Colorimetric field test method for analyzing steam con- 
densate or water samples for presence of filming amines 
has been developed by Hagan Chemicals & Controls. Pro- 
cedure can be used to control application of film form- 
ing amine condensate corrosion inhibitor. 

Test can also determine concentrations of other long 
chain primary, secondary and tertiary aliphatic amines. 

Depending on accuracy required, samples may be 
checked in photometer, specially calibrated viewer, or 
visually. Method can detect concentrations as low as 
ppm and is said to be more accurate than extraction 
procedure. Field test is not subject to interference from 
neutralizing amines such as cyclohexylamine or morpho- 
line. 


whatt op Rulug. 


in system, and an echo meter which uses ultrasonic pulses 
to measure efficiency of catalyst separation and amount 
of resin particles. 


THE 


MET-X PROCESS 
FLOW DIAGRAM 


FLUID 
CATALYTIC 
CRACKING 

UNIT 


UNTREATED RIVER WATER 
CATALYST RESIN 
STORAGE STORAGE 
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WATER 
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RESIN FLOW 
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ariety of amines with new system 

Design of new combination ethyl, isopropylamines plant, 
completed by Leonard Process Co., provides wide flexi- 
bility in quantity of ethyl or isopropyl amines produced. 
Catalyst system employed permits recycle of any amount 
of mono, di or tri amine compounds formed in reaction 
between ammonia and ethyl or isopropyl alcohol, so that 
any desired proportion of mono, di or tri product can be 
taken out of system as product. 

How process works: Ethylamines are produced by re- 
acting ammonia with ethanol at elevated temperature and 
pressure in presence of hydrogen and catalyst. Mixture 
of mono, di and triethylamines plus water and reaction 
gases are formed. These are separated and purified by 
distillation. 

Chemical equation for equilibrium reaction: 


NH, + C,H,OH = C,H,NH, + (C,H,)2NH 
(C,H,)3N +H,O + CH 


4 

More operating details: In synthesis section of plant, 
accurately measured streams of ammonia, ethanol and re- 
cycle liquid are fed continuously through vaporizers and 
heat exchangers into converter unit packed with suitable 
catalyst. In hydrogen atmosphere raw materials react to 
form mixture of three ethylamines plus water and small 
quantity of methane. Since catalyst used makes this true 
equilibrium reaction, any of three amines which are sepa- 
rated out in distillation section of unit can be recycled 
with feed stream to converter. This prevents formation 
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SPECTATORS AT DEDICATION OF PORT BREGA TERMINAL, LIBYA, OCT 


“Libyans —at all levels and in all parts of the country — have 
shown their willingness to join in the work of making their 
nation a significant oil producer. We in Jersey have been fortu- 
nate to be associated with such people in the big job of bringing N 
Libyan oil to world markets.” —M. J. Rathbone, President Ww 


Standard Oil Company (New Jersey) 


(WHOSE PRINCIPAL U. S. OPERATING AFFILIATE IS HUMBLE OIL & REFINING COMPANY) 
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of additional quantities of recycled material. Operating 
pressure does not exceed 300 psig, and operating tem- 
perature does not exceed 250° C so that no unusual equip- 
ment design is required. 

Hot reaction gases from converter flow countercurrent 
to incoming gases to transfer heat, and thence to product 
cooler. Hydrogen and crude amine mixture are separated, 
hydrogen being recycled to synthesis while crude amine 
mixture is fed to ammonia stripper column where excess 
ammonia is taken off overhead and recycled to reactor, 
while bottoms from column containing three amines and 
water of reaction are fed into second distillation column 
where mono is separated and fractionated to 99 percent 
purity. 

The bottoms are fed to fourth column where triethyl- 
amine is taken off overhead as product. Here again tri- 
ethylamine can either be taken as product or recycled. 
Fifth column in series is alcohol recovery column where 
unconverted alcohol is recovered and returned to syn- 
thesis and water of reaction is drained to waste from 
column bottom. 

Advantages of new combination plant: Capital costs 
are reduced over conventional existing plants by about 
one-third. Complete automatic instrument control reduces 
operating labor cost to single operator, and at same time 
makes production of high purity product easy to achieve. 
It increases raw material yields due to stabilization of 
operating conditions. 
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A stretch in right direction 


Natural rubber has passed first stage of dramatic re- 
search program that has revolutionary potential for grow- 
ing industry. In current issue of Natural Rubber News, 
Dr. Leslie Bateman, director of research, Natural Rubber 
Producers’ Research Association, says that “first clues to 
chemical mechanism (of rubber tree) have recently been 
discovered and these open way to further biological and 
chemical findings that could profoundly influence pro- 
duction industry.” 

Today’s picture: Control of rubber production in tree 
is wholly genetic. By finding answers to questions: “How 
does rubber tree produce its rubber and why of two rub- 
ber trees does one yield many times more than other?” 
Natural Rubber research teams hope to control output 
of tree in much the same way that one controls output of 
factory. 


PRODUCTS 


British start fuel cell program 

Five-year fuel cell research and development program, 
similar to that carried on in U.S. between Leesona Moos 
Laboratories and United Aircraft, has gotten under way 
in Great Britain. 

British fuel cell development has been carried on by 
National Research Development Corp. (NRDC), govern- 
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DE LAVAL 


multistage 
chiorine compressors 
prove their 


dependability 


In service since 1959, these De Laval compressors 
demonstrate that multistage compressors are practical 
for chlorine compression. This service requires that the 
gas temperature must not exceed a nominal level 
throughout the compression cycle. The De Laval design 
meets this requirement through internal diaphragm 
cooling, circulating carbon tetrachloride. The cooling 
system has remained free from leaks . . . which testifies to 
the quality of both the design and the workmanship. 
This installation is typical of De Laval’s ability to solve 
special compression problems for the Process Industries. 
Why not benefit from our many years of 

experience in this field? 


De Laval Steam Turbine Company, Trenton 2, New Jersey. 


oy Rigs NN fee 





as mo ie eS . & 





BC-DL-101 


DE LAVAL * 60 YEARS - CREATIVITY AND QUALITY 


CENTRIFUGAL PUMPS AND COMPRESSORS e TURBINES e IMO® ROTARY PUMPS AND HYDRAULIC MOTORS 
MARINE PROPULSION AND AUXILIARY EQUIPMENT e HELICAL AND EPICYCLIC GEARS e TURBOCHARGERS 
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ment-sponsored research group with which Leesona has 
cross-licensing agreements. 

Program will be conducted by new corporation to be 
known as Energy Conversion, Ltd., in which NRDC will 
be associated with three British industrial companies— 
British Petroleum, British Ropes and Guest, Keen and 
Nettlefold, alloy and specialty steels. Combined assests of 
three: $2 billion. 


Absolute octane necessary ? 

Time and effort are being burned in determining “abso- 
lute” octane numbers. Said Gene Myers, Research De- 
partment, Standard-Ohio, at Society of Automotive Engi- 
neers meeting, relationship in octane rating between fuels 
is of much greater interest in many areas. 

Relative ratings on gasolines can be obtained rapidly 
and cheaply by means of appropriate experimental design. 
For example, seven fuels may be intercompared in an 
hour, giving standard error of 0.065 octane numbers. To 
achieve this low degree of error using conventional tech- 
nique, approximately two days of engine time were neces- 
sary. 

Blending efforts of gasoline components are, by defini- 
tion, relative. Ninety-three samples containing varying 
amounts of toluene, isooctane, and diisobutylene were 
blended and rated in one afternoon. When departures 
from linearity were calculated, familiar synergies between 
isooctane and diisobutylene, and between isooctane and 
toluene appeared, as did antagonism between diisobutyl- 
ene and toluene. By recognizing that blending non-linear- 
ities are relative, whole trilinear blending chart was run 
off in an afternoon instead of weeks it would normally 
require. Sohio Research is continuing use of this rapid 
technique for comparing fuels so that its customers may 
be provided with best possible gasolines at lowest possible 
cost. 


Rumble control in gas engines 

Improved method of controlling “rumble” in higher 
compression gasoline engines has been developed by 
Socony Mobil Oil scientists. 

Method was described in paper—“The Influence of 
Gasoline Composition on Abnormal Combustion in 
Spark Ignition Engines”—presented at Society of Auto- 
motive Engineers meeting. R. H. Perry, Jr., P. L. 
Gerard and D. P. Heath of Socony’s Research Depart- 
ment wrote paper. 

Rumble is vibrations of mechanical components of 
gasoline engine, caused by higher rates of combustion, 
and is increasingly pronounced at compression ratios in 
excess of about 10:1. 

Reason for improved control: Combined use of tetra- 
methyl lead (TML) and low concentrations of phos- 
phorous additives in high aromatic content fuels. 
Combination minimizes deposit ignition in experimental 
engines up to 13:1 compression ratios. It effectively 
counters abnormal combustion disadvantage of high 
aromatic content gasolines. TML is most effective anti- 
knock agent in such fuels. TML and phosphorus ad- 
ditives in high aromatic content fuels appear to be most 
effective for controlling rumble and knock in engines 
with high compression ratios. 
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Asphalt institute paving way 

When mass of complex engineering data from $27- 
million AASHO Road Test starts rolling in sometime be- 
tween now and next spring, research-minded petroleum 
asphalt industry will be primed and ready to make most 
of it. 

Months before the last truck rolled over battered test 
loops at Ottawa, IIl., last year, 58 member oil compa- 
nies of The Asphalt Institute saw coming need for highly 
specialized technical task force to deal with anything-but- 
simple results from huge five-year experiment. 

In June 1960, institute’s directors authorized creation 
of special board of study to take on intricate chore. New 
body was designed not only to assemble and process ava- 
lanche of road test data, but to give it beneficial meaning 
for asphalt users and producers. 

Today’s picture: Board of study is fully staffed organi- 
zation, busy at work laying groundwork which will enable 
it to translate AASHO findings into new and practical 
design methods for asphalt pavements. 

Results from other major road tests already are being 
analyzed so they can be correlated with AASHO infor- 
mation as it becomes available. 

For example, Ethyl reports: Widespread use of asphalt 
for modern roads will give nation better highways at 
multi-million-dollar saving to taxpayers. 

Stressing advantages of “black top” paving produced 
by oil industry, Ethyl points out that 90 percent of all 
new thoroughfares in United States are being built with 
asphaltic materials. This record is evidence of products’ 
strong endorsement by civil engineers. 

Low initial cost is primary motivator in asphalt’s popu- 
larity, Ethyl says. Recent studies by Stanford Research 
Institute found an average cost differential of from 
$20,000 to $33,000 per mile in favor of asphalt in con- 
structing today’s heavy-duty highways. Institute put aver- 
age cost of two-lane mile of slab cement at almost twice 
as much as asphalt. 


Change oil every 2,500 miles 

Crankcase oil in automobile engines should be changed 
as often as 2,500 miles, research engineers from Amer- 
ican Oil advise. Despite recommendations from some 
automobile manufacturers that drain intervals up to 6,000 
miles are permissible, American Oil men say that to 
obtain true operating economy and improved engine per- 
formance, motorists should use top quality oil and change 
it often. 

The report: Laboratory tests prove that as mileage 
accumulates, contaminants in crankcase oil increase until 
detergent in oil can no longer keep them dispersed. Then 
sludge begins to deposit on critical engine parts. This 
raises engine octane requirement and surface ignition rate, 
and shortens spark plug life. 


Smokemeter helps combat pollution 

New type of meter to measure exhaust smoke of 
truck and bus diesel engines is being used successfully 
in United Kingdom and Belgium to reduce air pollution 
by vehicle exhausts. Meter provides means of enforcing 
proposed legislation against excessive contamination of 
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SPIRAL-WOUND GASKETS 
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® 


Ceilings unlimited~~ 


... where gaskets must not fail 


In designing today’s jet aircraft, engi- 
neers rely on Flexitallic Gaskets to as- 
sure the safe transfer of highly volatile 
fuels from tanks to engines. 


Because of its engineered construction, 
each Flexitallic Gasket has built-in yield 
characteristics that provide maximum 
safety when emergency conditions are 
encountered. 

Every Flexitallic Gasket is designed for 
the specific job it must do. At Flexitallic, 
gasket engineers select the special type 
of metal and filler to be used after con- 
sidering flange geometry, temperature 
and pressure ranges, bolt load, corro- 
sion, vibration, and any unusual joint 
stresses to which the gasket will be 
subjected. 


For temperatures from extreme sub-zero 
to maximum temperatures compatible 
with available metals. Pressures ranging 
to 15,000 Ibs. p.s.i., and temperatures 
to 2500°F. do not impose impossible 
limitations. 


Give us the facts about your most seri- 
ous sealing requirements — in chemical 
processing, petroleum, power, marine, 
aircraft and missiles, diesel, or any 
other field. There’s a Flexitallic Gasket 
to meet your needs — or Flexitallic will 
design one. 


FLEXITALLIC GASKET COMPANY 
Camden 2, New Jersey 
Stocking Distributors for Standard 
Flexitallic Gaskets in principal cities 


HypROCARBON ProcEssINc & PETROLEUM REFINER 





atmosphere by “smoking” vehicles. 

British Petroleum Co., Ltd., which devised meter, 
found that usual methods of estimating density of smoke 
from exhausts were neither accurate nor sensitive 
enough to give correct evaluation. New meter works 
on “light extinction” principle. 

Meter components: Twe tubes, one which can be 
filled with clean air, another with exhaust smoke. 

How it works: Light from small lamp passes through 
clean air tube and falls on photocell which measures 
its intensity. Then photocell is moved so as to measure 
light falling on it through tube containing exhaust 
smoke. Difference in reading indicates percentage of light 
absorbed by smoke. In this way, standard, objective assess- 
ment of density of exhaust smoke can be obtained. 


ECONOMICS 


Plastic spheres save money 

Through use of microscopic plastic spheres, Standard- 
Ohio has saved $250,000 annually in reducing evapora- 
tion losses from 109 crude oil storage tanks. Spheres, 
in tenth year of use, are floated on surface of crude 
oil as foam, one to two inches thick, sealing in volatile 
portions of oil that formerly escaped through evapora- 
tion into air. Spheres, patented invention of Sohio, cut 
evaporation losses from 64,000 barrels of crude oil to 
annual loss of 7,700 barrels per year from 82 tanks in 
one tank farm. Savings at this farm have amounted 
to $170,000 yearly. 

Sohio is not only one using device, others in United 
States and in foreign lands as well are finding it money- 
saving measure. 


API speakers pounce on industry 

Domestic oil industry holds precarious position, and 
it’s not due to government, but to industry itself .. . 
Oil industry is timid, some segments have ambivalent 
attitudes toward government . . . Industry should “mini- 
mize rather than maximize government’s future role in 
operation of industry.” John M. Kelly, assistant secre- 
tary of interior, issued warning at closing session of 
API meeting in Chicago. 

Kelly said that while some government involvement 
in oil “is inevitable result of importance of petroleum 
to our economic growth and national defense,” some 
also stemmed from difficulties “which industry was 
unable to cope with because of lack of unity and broad- 
gaged leadership.” 

API president, Frank M. Porter, opened meeting with 
“if administration had been half as unkind to us as 
we have been to ourselves these past 10 months, oil 
industry would have good reason to complain.” Porter 
continued, “Blame cannot be placed on White House 
since industry’s troubles were result of ‘homing pigeon 
problems.’ Such problems were hatched within industry, 
and they have come right back here to roost.” 

Other speakers had this to say: Joseph C. Swidler, 
chairman of Federal Power Commission—“Every rate 
change in field, every fluctuation in supply creates con- 
vulsion through chain of transmission and distribution. 


what Hop Fwlug. 


Without control over producers’ rates, FPC would have 
difficulty controlling pipe line rate increases, and state 
public utility commissions would be handicapped in 
regulating local gas distributors.” 

U.S. Senator A. S. Mike Monroney (D-Okla) de- 
clared, “U.S. already is at war with Russia—economic 
war—and weapon is already chosen. It is oil. Front- 
line troops already are drafted. They are men and 
women of American oil industry. Battlefield is already 
determined. It is our export markets. We have only 
one choice, whether to run or fight. If we run, we will 
find that financial, social and political fall-out can be 
deadly, too.” 


New pollution device wins out 


California’s Motor Vehicle Pollution Control Board 
has approved a crankcase emission control device for 
1961 and subsequent model automobiles despite warn- 
ing by Director of Engineering, Robert L. Chass, that 
limited road tests by District showing urgent need for 
further investigation. 

Average crankcase emission of hydrocarbons from 
62 vehicles, according to report presented by board’s 
executive officer, was 0.155 percent by weight of supplied 
fuel, slightly over state standard of 0.150 percent. This 
means that many vehicles tested exceeded limit set by 
California State Board of Public Health, Chass pointed 
out. 

Device, positive crankcase ventilation system, should 
be certified only for those vehicles for which tests have 
shown device is capable of meeting existing standards, 
Chass declared. 

Five other devices for crankcase emission control are 
being studied and tested by state board’s engineering 
staff. 


INTERNATIONAL 





Europe’s petrochemical headache 

Petrochemical outlook in Europe features de- 
bottlenecking, firming up, and cost reduction programs 
coupled with modest production increases. Faced with 
rising competition at home and in export market, long 
range goals are being extended to 12 years from normal 
10. While expansion will continue at heavy clip, look 
for slight downward revision in some areas. If plants are 
built smaller, competition will be in favor of large U.S. 
installations in export market. 

Expansion in Japan is doubly complicated because 
of home market’s limited growth and dependence on 
exports, coupled with government clearance for plant 
size and overall capacity. Germany has backlog of 
plants not completed from 1959, and England is re- 
assigning long range goals by extension of ultimate 
completion date. But Europe’s overall outlook is good. 
A 10-12 percent annual growth rate isn’t to be sneezed 
at. 

Meanwhile, European governments are charging U.S. 
industry with “dumping” practices, especially in con- 
nection with polyethylene. Result: France charging 6.43 


for more about what’s happening in HPI, turn to Page 205 





Are YOU paying too much for Liquid Level 
or Pressure Control of corrosive fluids? 


If you think you are, read 
these facts about the low cost 
Fisher 115” Transmitter 


The Type 115 accurately measures the pressure head of 
viscous or corrosive liquids and transmits a pneumatic 
output pressure which is equal in magnitude to the 
measured pressure head. The ‘115’ is constructed so 
that only the diaphragm, diaphragm retaining ring and 
gasket come into contact with the hard-to-handle fluid. 
By careful selection of materials (any alloy or plastic) 
for these parts, corrosion can be virtually eliminated. 
Also, since the diaphragm separates the fluid from the 
remaining parts of the transmitter, there is no danger 
of clogging. 





1 to 1 Transmitter 
Type 115 Transmitter showing tubing connections 


In operation, the force of the liquid head on the dia- for the supply pressure and the output pressure. 
phragm is opposed by the force of air pressure acting on 

the opposite side of the diaphragm. There is a bleed a Available Sizes: 2", 3” and 4” 
orifice which is covered and uncovered by movement 150 lb. ASA flanged. 2” size 
of the diaphragm with increasing or decreasing head - also available in 300 Ib. ASA 
pressure. With an increase in level, a greater force is ; } flanged. 

created by the liquid head and the diaphragm moves to Diaphragm Materials: Hastelloy 
cover the bleed orifice. The air pressure acting on the Z- | C, Nickel, 317 Stainless Steel, 
diaphragm increases until it equals the head pressure. s ' Kel-F or Teflon. 

The increased air pressure is transmitted to an indicator ; Diap_.cagm Ring Materials: 316 
or controller. A decrease in level causes a corresponding : Stainless Steel, Hastelloy C, 
decrease in transmitter output pressure. The 3” and 4” Nickel, Durimet 20, R-Monel, 
Type 115 are linear within 1” w.c. (1.5” w.c. for 2” size) ; Polyvinyl Chloride (PVC) or 
with 20 psi supply pressure. Penton. 

Wizard i" pressure con- ag 8 eyed po . a 
° ° ° . o 15 psi with 20 psi su 
Applications and Specifications —""eyzmpuntedon Type essure. sate geaee| 
The major application of the “115” on vented or open Standard Supply Pressure: 20 psi. 
tank service are liquid level indication, recording and con- Maximum Supply Pressure: With a Hastelloy C dia- 
trol. For recording and control installations, a Series 4150 phragm, 400 psi for the 2” size and 70 psi for the 3” 
Wizard II pressure controller is required to convert the and 4” sizes. 

transmitter output pressure into a standard instrument 
signal of 3 to 15 psi or 6 to 30 psi for operation of the 
recorder or control valve. The “‘115”’ can also be used on Maximum Head Pressure: 320 psi for 2” size; 56 psi for 
pressure control service where it is necessary to protect 3” and 4" sizes. 

the measuring element of a controller from the corrosive Write for Bulletin F-115A. Fisher Governor Company, 
or clogging effects of the controlled fluid. Marshalltown, Iowa. . 


Maximum Operating Temperature: 400° F 


PRESSURE LIQUID FUEL 
TYPE 4150-657-A TYPE 4152 
PRESSURE CONTROLLER PRESSURE GAUGE TYPE 67FR\ SUPPLY | 
4 TYPE 67FR Type 115 used \ | 
b as a pneu- ‘dp Type 
matic head —— ~ 4152-115 


1f | 
transmitter 1 used for 


dine geen rn a 
SUPPLY j | ey and installed TYPE 657-A Tot liquid level 
} SUPPLY to protect the | a control 
Bourdon tube L } =—. application. 


TYPE 115 or bellows of = 
TYPE 115 | | 


the controller. 


If it flows through pipe anywhere in the world ye O) 
... chances are it’s controlled by....... 
SINCE 1880 
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NEW HONEYWELL TRANSMITTERS 


New pneumatic bellows flow transmitter New pneumatic 


gives all the economy and convenience of pneumatic temperature transmitter 
transmission and all the efficiency of the bellows 
meter body with the added option of field indication. 
The transmitter has 16 ranges (0-10 to 0-400 inches 
of water) and is used to transmit flow or liquid level 
measurements in open or closed tanks. 


offers thermal system options with ranges from 
—125° to 1000°F. Completely new, completely 
flexible, this transmitter gives you a choice of 
either mercury or gas actuated thermal system 
with a wide selection of measuring bulb styles. 
Transmitter Features: Make range changes in the 

field simply by replacing a single spring assembly. Transmitter Features: Mount transmitter on a 
You can adjust damping quickly and accurately pipe welded to flow line or on a bracket that 
while the instrument is in operation. You can install clamps to hex head of socket. Vibration resistant 
meter with vertical or horizontal piping, so that it thermal system means accurate measurement on 
vents, drains and purges itself. vibrating flow lines. 


Added Features of both transmitters are: automatic ambient temperature compensation; 
two-way overload protection (100% of span on temperature transmitters, 100% of rated 
meter body pressure on bellows flow transmitters); modular construction for simplified 
maintenance; self-locking feature to prevent upset; die-cast aluminum case 4” x 7” x 9”; 
available with concentric scale or as non-indicator; transmission accuracy +0.5% full 
scale; accuracy of indication +1% full scale. 


For more complete details on the new temperature 
and bellows flow transmitters, call your nearby Honeywell 


Honeywell field engineer. Or write MINNEAPOLIS- 


HONEYWELL, Wayne and Windrim Avenues, Phila- . r 
delphia 44, Pa. In Canada, Honeywell Controls, iH] wt WL Coitol 


Ltd., Toronto 17, Ontario. SINCE 18685 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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Read about the most important development 


A recent Cyclone Fence development promises to revolutionize industrial 
fencing throughout the United States. After years of vigorous research, 
and production line debugging, we are manufacturing an aluminum-coated 
steel fence of such high quality that we are willing to give it the Cyclone 
name. Nine years of field testing indicate that no other type of fence can 
economically match Cyclone Aluminum-Coated Fence’s combination of 
corrosion resistance, tensile strength and heat resistance. Yet the price 
is only slightly above first-quality galvanized steel fence. 


FIRE STRENGTH 


RESISTANCE 








The steel 
wire used in 
Cyclone 
Aluminum- 
Coated Fence has a minimum tensile strength of 





in a brush or debris fire, not uncom- 
mon along a fence line, temperatures 
can easily climb to the 1,300° mark. 
if the fence fabric melts, your prop- 
erty protection goes with it. The 
steel in Cyclone Aluminum-Coated 
Fence will not melt at temperatures 
below 2,850”. Repeated tests have 
shown that our aluminum-coated 
fabric can withstand temperatures 
as high as 1,650° and still retain its 
protective coating, and 2,000° for 
brief periods without the destruction 
of a single strand of wire. 


80,000 psi, and that strength is retained as long as 
the coating remains intact. What does this strength 
mean to you? In actual tests, USS Cyclone Aluminum- 
Coated Fence was rammed by a car traveling at 35 
mph. Nota single strand of wire was broken. g Buyers 
must not underestimate the necessity for strength 
in industrial fence. If you could “fence your fence’”’ 
to protect it there would be no problems. But fence 
has to stand alone, and withstand vandals, side- 
swiping vehicles, and all sorts of mechanical abuse. 


Protect it with (iss) CYCLONE 


52 For more data on advertised products, use cards, last page. 
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inthe history of property protection fence 


CORROSION PRICE 
RESISTANCE °:22.2 


Our Research and Metallurgical people have found ac- Fence are only slightly above 
celerated weathering and salt spray tests are misleading, Prices for galvanized chain _ 
therefore the following data is from actual service records; fence. And remember, for this 
After 9 years of continuous corrosive attack in a severe ery Slight premium you’re get- 
industrial atmosphere, Cyclone Aluminum-Coated Fence ting the combination of alu- 
shows practically no deterioration. Even after 9 years of | minum and steel that gives you 
severe marine exposure, 90% of the surface was free of superior corrosion resistance 
corrosion. and long lasting strength. 


Cyclone is a brand name, not 
a type of fence. When you 
buy USS Cyclone you’re get- 
ting a fence that’s pre-engi- 


neered, prefabricated down to its smallest part. The Cyclone-developed H-Post is built like a steel beam for extra 
strength; Cyclone gates are sleeve-constructed—not welded—so they can be easily repaired; one-quality, full- 
weight fabric; deep-set post installations that don’t skimp on concrete or steel, and professional installation by 
long-time Cyclone crewmen who know how to put up a fence to stay. sm USS Cyclone has sales offices all over 
the country and a reputation built on the fact that Cyclone is the most widely used property protection fence in the 
world. Cyclone Fence is backed by the American Steel and Wire Division of United States Steel—a company that 
will be around tomorrow to live with what it sells today. = 69 CYCLONE BRANCH OFFICES. Cyclone has 69 
branch offices throughout the country. Which means, wherever you are, we’re reasonably close by. Give us a call 
next time you need fence around your company’s property. Check your Yellow Pages under “Fence.” For a 


brochure on new Cyclone Aluminum-Coated Fence, write American Steel and Wire, Rockefeller Building, 
Cleveland 13, Ohio. 


USS and Cyclone are registered trademarks 


American Steel and Wire 


For safety, dependability, economy. Division of 


United States Steel 
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TURBOMACHINERY EXPERT 


Gas turbine users get specialized installation, maintenance 


from Solar’s experienced field service engineers 


Solar field service engineers serve Solar gas turbine cus- 
tomers anywhere, anytime. These trained experts know gas 
turbines. Many have worked with Solar turbine installations 
for 10 years. They know how to tailor turbines to specific 
jobs; they know turbine maintenance. 

More and more of Solar’s versatile, high performance 
engines are being used in industry where their light weight, 
high horsepower and small size mean more efficiency. As a 
new kind of powerplant, however, gas turbines represent 
changes in existing methods of installation and maintenance. 
So Solar sells more than gas turbine engines — it sells expe- 
rienced customer service too. 

Solar’s customer service department acts fast to help tur- 
bine customers. Immediately following receipt of an order, 
the department makes complete plans for assisting in the 
installation and operation of the engine. 

The customer service department’s team of field service 
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engineers is equipped with current passports and security 
clearances. Their experience and ability equips them to 
handle field work and to train customer personnel. 

Because of Solar’s customer service program, companies 
without gas turbine experience can take advantage of this 
engine’s superior performance. Solar’s customer service 
department offers on-the-spot help and off-the-shelf spare 
parts for fast, efficient service. 

For information about Solar gas turbines or field service 
program, write Dept. J-178, Solar, San Diego 12, California. 


SOLAR YW 


A subsidiary of International Harvester Company 
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ry 
Look to...HOU Xs ton 


FOR HIGHEST QUALITY 
LEAD ANTIKNOCK COMPOUNDS 


Ethylene Oxide and Ethylene Glycols 


HOUSTON CHEMICAL CORPORATION 


200 Madison Ave., New York 16,N.Y. ORegon 9-6230 

333 North Michigan Ave., Chicago 1, Ill., Financial 6-7820 
610 Americana Building, Houston 2, Texas, CApital 2-9112 
612 South Flower St., Los Angeles, Calif., MAdison 5-2795 
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U.S.A. — World's largest wax manufac- ; Belgium — Phthalic anhy- 
turing plant, built at the Philadelphia dride plant for Union Chim- 
refinery of Atlantic Refining Company. ’ ique Belge S.A., Brussels. 
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money-making plants 


at home or abroad ,- gy 
built by BADGER | a 


My 


\ 


Chemical and petroleum producers in search of inter- 
national: profits are turning their engineering and 
construction projects over to Badger in ‘growing 
numbers, To date, Badger has helped clients make 
their money talk in thirteen languages. 

How do you benefit by working with Badger over- : 
seas? You work with people who know local conditions, 
your problems, their jobs. Affiliate staffs - on the spot 
in seven countries -— include top talent of the locale 
combined with seasoned Badger career personnel. 
yoUsle Ma celemet-. Sm bembelebl-s—yeleltt-meteeu-selerts-e 

A'Bel bem celeme- Su -Mielebel-) lela belsam- mpeclevel-aeoect- 3 ebeloaas o}C- bela 
anywhere abroad, ask Badger for help. The full story 
on facilities and services is as close as the nearest 
office - write, wire or phone. 
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FIGHTS 
CARBURETOR 
ICING 
ECONOMICALLY 


Even under the most critical carburetor icing conditions, S-41-K at only 50 
ppm stops stalling and rough idle economically. 


At the same time—for no extra cost—S-41-K offers year-round protection 
against troublesome carburetor deposits. 


WRITE TODAY for your copy of the S-41-K 


booklet reviewing extensive engine re- Central Soya 


search, road testing and statistical data. 
Send your request to... Chemurgy Division 


1825 N. Laramie Ave., Chicago 39, Ill. 
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IT’S BY CHIYODA 
BOUND TO BE GOOD 


we mean that CHIYODA’s Process a | , 
ists (Engineering, Fabrication and , 
ave the technical know-how and 
ly equipped facilities to handle 
} needs and problems—large 
, ing-board to finished product 
Its that count: Peerless 
and early delivery. 
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Mean Mean Temperature 


Parsimony pays, when you are dealing with 

costly heat. Where relatively slight 

temperature drop in piped liquids is critical, 

Caposite moulded insulation makes a valuable difference. 
Caposite pure Amosite Asbestos is a heat miser. 

It is tough, permanent, easy to fix, 

light in weight and low in cost. 


Uf \ (\ 
MN 
h ‘Wil 1) 
CAPOSITE wad 
AMOSITE ASBESTOS INSULATION 


Cape Insulation and Asbestos Products Ltd. (A Subsidiary of The Cape Asbestos Co. Ltd.) 
114 & 116 Park Street, London, W.1. Telephone: GROsvenor 6022. Cables: Incorrupt London 


Enquiries to: 


Cape Asbestos (Canada) Ltd. 200 Bloor St. East, Toronto, Ontario. 
Capamianto SpA via Sant’ Antonino 57, Turin, Italy. 
TASS 
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Petroleum Plant 
“technicapability” 


that costs less and earns more 


Japan Gasoline Co.’s 33 years of continuous petroleum engi- 
neering experience have made it a leader in the field. One 
of 120 major projects, a JGC-designed unifining-platforming 
unit with a capacity of 10,000 BPSD is now being construct- 
ed for Maruzen Oil Co. This is the largest unit of its kind in 
Japan to be handled by one firm. 

JGC’s 400 project engineers and 500 draftsmen are quali- 
fied to undertake any processing problem, new plant design, 
or modernization program in the petroleum and chemical 
processing fields. From preliminary research and planning 
board—through procurement, construction, and start-up—to 
follow-up and after-service, you can trust the thoroughness 
of our estimates, the quality of our work, the continuing 
interest of our entire organization. 

Mobility, economy, and speed are advantages of JGC’s in- 
tegrated system of operation, and our final products are fully 
guaranteed. For details write Japan Gasoline Co., Ltd., New 
Otemachi Bidg., Chiyoda-ku, Tokyo. 


Engineers & Constructors 


JAPAN GASOLINE CO.,LTD. 


Process engineering from 
‘‘on-paper to on-stream”’ 
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Resist Cast | 


PACKING GLAND 
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STUFFING 


pressure 


BODY AND ONE-PIECE BONNET AND YOK 
are high-quality carbon stee 
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TEE-HEAD DISC-STEM CONNECTION. p: 


# REGISTERED TRADEMARK OF UNION CARBIDE CORP. 


Crane adds flanged 150 & 300-pound steel 
gate valves to famous 3600 series. | 


Gives you a complete line of Small 
Steel Gate Valves suitable for all serv- 
ices at temperatures up to 1000 F. 
Available in sizes 42” to 2”. Gives you 
design refinements generally asso- 
ciated only with higher priced valves. 

) The drawing illustrates only a few 
of the important features of these 
superior valves. There is built-in 
quality and reliability in every detail. 
Outside screw and yoke ruggedly 


constructed. Stem is heat treated 
Crane Exelloy. Bonnet joint gasket 
of spiral wound, Type 316 stainless 
steel with asbestos filler. 

The cast steel 150 & 300-pound 
valves have “XU” trim and flanged 
ends (face-to-face conforms to ASA B 
— 16.10)... figure numbers 3510XU 
(150 pound) and 3514XU (300 pound). 

With the addition of these new 
valves to the 3600 Series, Crane now 


AT 


offers you the industry's finest choice 
of quality, small steel valves. All of 
them are ideally suited for use with 
steam, water, air, gas, oil, oil vapor, 
gasoline, fuel oil and similar services. 

More details from your Crane dis- 
tributor. Or write to Crane Co., Dept. 
T, Industrial Products Group, 4100 
South Kedzie Ave., Chicago 32, Ill. 
In Canada: Crane Ltd., 1170 Beaver 
Hall Square, Montreal. 


THE 


HEART 
OF HOME AND 
INDUSTRY 


CRANE = 


VALVES AND PIPING 
ELECTRONIC CONTROLS 
PLUMBING 
HEATING - AIR CONDITIONING 
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This B&W CO* boiler generates refinery steam 
economically, easily and safely...by burning waste gas! 


Babcock & Wilcox CO" boilers have 
three characteristics that make 
them ideal for refinery use: 

1, Minimum use of auxiliary fuel. 
Three quarters of the heat energy 
comes from waste gas, one quarter 
from supplementary gas firing. (In 
some cases, supplementary firing is 
as low as 10%.) The CO boiler’s 
circular design assures extreme 
*Reg U.S. Pat. Office 


turbulence, stable firing and com- 
plete combustion. 

2. Ability to handle upsets. Vari- 
ations in the regenerator gas do not 
cause difficulties. Upsets, such as 
water introduced in the regenerator 
for smoother after burning, are 
easily taken in stride. 

3. Safe. The boiler is safe under 
all conditions. There are no gas 


pocket areas. Gas flow is upward, 
smooth, and direct. 

Available in 25,000 to 500,000 
lb/hr steam capacities, the CO boiler 
can be used in existing refineries or 
new plants. For information write: 
The Babcock & Wilcox Company, 
Boiler Division, Barberton, Ohio. 


Babcock & Wilcox 
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MOBIL OIL 

REPORTS h 
ON A 3-YEAR rely 
RECORD... 


How Cooper-Bessemer 
compressors aid 


hydrogen recycling 


Sing 


‘ 
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The two Cooper-Bessemer FM-3 Compressors 
shown have been handling the hydrogen re- 
cycling for catalytic reforming at Mobil Oil’s 
Augusta, Kansas, refinery since November, 
1957. Operating ’round the clock, these com- 
pressors have performed with 99.5% availability 
(excluding the reforming unit shutdown 
periods), at very low maintenance cost, accord- 
ing to the customer. Each unit is driven by 











a 700 hp, 1800 rpm induction motor with 
speed reduced to 450 rpm. Suction pressure is 
515 psi; discharge is 658 psi. The catalytic 
reforming plant was engineered and built by 
J. F. Pritchard & Co. 


Find out how Cooper-Bessemer compressors 
can help assure dependable compression and 
good economy for your processing. Call our 
nearest office for help in planning your facilities. 


Looking at the performance record: H. A. Graham, Field 
Engineer of Cooper-Bessemer’s Tulsa office, and H. C. Bates, 
Maintenance Engineer, Mobil Oil Co., Augusta refinery. 


GENERAL OFFICES: MOUNT VERNON, OHIO 


ENGINES: GAS - DIESEL - GAS- DIESEL 
COMPRESSORS: RECIPROCATING AND CENTRIFUGAL, 
ENGINE OR MOTOR DRIVEN 


















































NASH PUMPS 
for higher 


Vacuums 


with all 
NASH 
operating 
advantages 


Yy 
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The effective vacuum range of these Nash Air Ejector equipped 
pumps is extended to 0.5” Hg. absolute. For high vacuum applica- 
tions where hard to handle service conditions are present and where 
reliability of pump operation is imperative. These pumr ° can handle 
many saturated or wet gases including solvent and acid vapors. 

These pumps have but one internal moving part, and use no 
internal lubrication. The vacuum produced is non-pulsating. They 
cannot be damaged by a slug of liquid, and will provide the same 
reliability and long life even if the operating cycle consists mostly 
of dead end service. Please request Bulletin 387-A. 


NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U. S. A. 
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‘AMOCO CHEMICALS CORPORATION 
Department 4666 
130 East Randolph Drive - Chicago 1, iilinois 





ustomers 


When George Light talks additive performance with 
customers, these customers know they are getting advice 
they can depend upon for three reasons: (1) George 

has 10 years’ experience in providing technical assistance 
on uses of additives. (2) He has a degree in chemical! 
engineering plus eight years’ experience in selling petroleum 
products. (3) He has the additives to do the job, for example: 


Gasoline Additives 


Amoco 520 Series Metal Deactivators ere solutions of 
N,N'-disalicylidene propylenediamine in xylene. They are 
available in three concentrations. They effectively inhibit 
copper contamination of gasoline and are likewise effective 
in Kerysene, jet fuel, diesel fue\and home heating oil. 


Anoeo $30 Series Anticxidants include the principal types 
of gaSoline antioxidants. They retard gum formation, 
stabilize TEL and prevent degradation and precipitation 

in storage. 


ge Light and other experienced petroleum additive 
$ are ready to assist you. Cali them for 


help of use the convenient coupon. 


" 


Piesée send me additional information about () AMOCO 520 Series Additives. 
C] AMOCO 530 Series Acditives. O Please have a representative call on me 


Name 
Company... 











ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 
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Heater for Humble’s Bayway Refinery at Linden, New Jersey. Large capacity, high thermal efficiency. Specially 
designed integrated heater, air preheater, auxiliaries and stack in compact design to occupy minimum plot space. 


Lummus Oil Heater for Humble’s Bayway Refinery 


meets three tough design requirements 
LARGE CAPACITY, HIGH EFFICIENCY, LONG RUNS 


Humble Bayway knew exactly what they wanted in a re- 
placement heater and turned confidently to Lummus to 
meet their difficult design requirements. 

First, the heater had to be large enough to service this 
giant Cat-Cracker; now one of the largest in operation. 

Secondly, Humble wanted a high thermal efficiency, 86% 
as compared with the usual 75-80%. In the Lummus design, 
the heater utilizes Ljungstrom Air Preheater and integrated 
blower and duct system to attain high thermal efficiency. 
Operating performance has been consistently high. Humble’s 
big fuel savings have more than made up for the slightly 
higher capital investment for air preheat equipment. 

Finally, there was one other difficult design condition. 
The new heater would be required to operate for long 
periods without shutting down for maintenance or cleaning. 
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The Lummus design included steam soot blowers which 
have kept both the bare tubes and studded tube in the con- 
vection section clean. The heater fires on heavy residual 
fuel oil having a very high solids content. 

Lummus designs horizontal and vertical tube oil heaters 
to any size from 100,000 to 300,000,000 BTU /Hour for any 
process, anywhere in the world. Because Lummus offers 
every type of oil heater, you can be sure that we will recom- 
mend the right unit for your needs. Consult with Lummus 
on your next oil heater—large or small. 


THE LUMMUS COMPANY, Oil Heater Division, 


885 Madison Avenue, New York 17, New York, Houston, 
Washington, D. C., Montreal, London, Paris, The Hague, 
Madrid; Newark, N. J. 
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WORLD'S MOST EFFICIENT POWER STATION 
SPECIFIES MOST EFFICIENT TUBE FITTINGS 


Dyan Qoe 


Philadelphia Electric Company’s new Eddystone Station is an engineering 


achievement of which Americans can be proud. Representing a major break- 
through in the power industry, the Eddystone Electric Generating Station was 
designed as the world’s most efficient power plant. This improvement in 
efficiency has been achieved by generating steam at a supercritical pressure 
of 5000 pounds per square inch and a temperature of 1200° F. 
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Delaware River near Philadelphia. 


Housing two 325,000 kilowatt turbine generators, this giant station can produce enough power to supply the residential needs of a city of five million people. 


= 


Control Center for Eddystone Plant Swagelok Tube Fitting used as a Swagelok Tube Fittings used in control 
Operation. thermocouple connector on main systems of supercritical pressure boiler. 
steam header #1 for boiler control. 
Operating conditions: Steam at 
5000 psig — 1200° F. 


Q yaad Oe ruse FITTINGS 


Crawford Fitting Company, 884 East 140th Street, Cleveland 10, Ohio * Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Canada 





DRILLING MACHINES GATE VALVES 


specify 
MUELLER: 


proven products 
for water systems — BH TAPPING SLEEVES 


AND VALVES 


ae Assure long, trouble-free operation ct 

with a minimum of maintenance by in- . 

stalling dependable Mueller products in | <5 
all of your water systems. 


For more than a century, Mueller Co. 
has been a leading manufacturer of quality ae 
products for the water works industry. TAPPING MACHINES AND RELIEF VALVES 
Many of these products have been adopted 
as standards of the water works industry. 


Today, Mueller Co. offers a full line 
of proven products for use in any type of 
water system. Just a few of these items 
are shown. Write for complete informa- 
tion. Ask about Mueller products for fire 
protection systems, too. 

Mueller Co. also makes 
a complete Hine of No-Blo® 
Products and Equipment 


r the petroleum and gas 
distribution industries. 


PLUMBING VALVES 


a 7 & . es a“ e . es a 
eaice? Factories at: Decatur, Chattanooga, Los Angeles 
in Canada: Mueller, Limited, Sarnia, Ontario 
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BEFORE 


Du Pont’s multifunctional additive, DMA-4, 
cleans carburetors and keeps them clean 


Carburetor detergency is a striking example of the performance 
values you can add to gasolines with Du Pont DMA-4. 

The carburetor throat liner you see above illustrates how this 
additive cleans up power-robbing deposits. 

On the left, the liner is coated with residue after exposure to 
an untreated premium gasoline, under severe test conditions. 
On the right is the same liner after only two hours additional 
Operation under normal operating conditions using the same 
gasoline treated with DMA-4 at a concentration of 10 pounds 
per thousand barrels. 


Results of other tests have demonstrated that six pounds of 


DMA-4 per 1,000 barrels of gasoline will prevent deposit. 


accumulations even under the severe conditions utilized to 
develop the “before” build-up shown above. 

The “clean—keep clean” detergency action of DMA-4 is, 
however, only one of the performance values offered by this 
Du Pont additive. DMA-4 also offers: 


@ Anti-stalling properties. DMA-4 sets up a protective film 
that makes throttle plates and other internal surfaces water 


repellent, thus preventing stalling due to ice formation on 
cool, damp days. 


Rust prevention. The protective film also protects metal sur- 
faces (engine parts as well as pipelines and storage tanks) 
from corrosion. 


Phosphorus credit. DMA-4 contains phosphorus compounds 
of the type helpful in suppressing surface ignition and spark 
plug fouling caused by combustion chamber deposits. The 
concentration of other phosphorus additives can, therefore, 
be reduced proportionately to obtain minimum treating costs. 


Descriptive Bulletin Available 


A product bulletin describing DMA-4 is available. To obtain 
your copy, and to find out how DMA-4 may add new perform- 
ance and sales values to your gasolines, contact your Du Pont 
Petroleum Chemicals Division representative. E. I. du Pont de 
Nemours & Co. (Inc.), Petroleum Chemicals Division, Wilming- 
ton 98, Delaware. 


Antiknocks and other Petroleum Additives 


Better Things for Better Living... Through Chemistry Gt POND 
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100% solid state instruments, like this Foxboro 
Type 613 d/p Cell* Flow Transmitter, were used 
in all control loops to assure instant transmission 
over long distances. *Reg. U.S. Pat. Off. 


Fifteen-foot Foxboro Electronic Console permits 
fast scanning of instruments — gives dependable 
control of Alkarf unit, styrene plant, and steam 
plant for Cosden Petroleum. 


+Trade mark Universal 
Oil Products Co. 


— Process Licensor 


cote 


t Manufacturing Co. 
ontracting Engineers 





panel length 66% for Cosden Petroleum 


Panel planned for 45 feet, then reduced to 15 feet 
with Foxboro “small case” Electronic Consotrols 


Space saving has taken on a new meaning at Cosden 
Petroleum Corp. At Cosden’s Big Spring, Texas 
refinery, a UOP Alkar? unit, a styrene plant, and a 
steam plant are all electronically controlled by one 
15-foot Foxboro Modular Console. 

When Cosden Petroleum specified Foxboro “small 
case” Electronic Consotrols and modular consoles, 
30 feet of panel space were eliminated for a con- 
siderable saving in building construction costs alone. 

What’s more, Foxboro packed 61 Electronic Con- 
sotrol Controllers, plus 100 indicating and recording 
points into the 15-foot panel — and there’s still 
room to spare for tomorrow’s instrumentation needs! 
Spare panel cut-outs for 35 more controllers and 9 


more recorders are pre-wired and ready for service. 
All Cosden needs to do is hook up the transmitter 
leads at the bottom of the cabinet and slip the 
recorder or controller into the panel. 

Maintenance men also like the easy way they can 
transfer instruments on the modular console. Instru- 
ments slide in and out of their housings as easily as 
drawers. A simple plug-in connection puts the in- 
struments into action. 

You too, can save space, save time, save money 
— with Foxboro Electronic Consotrols. 

Write for Bulletin 9-12. The Foxboro Company, 
7412 Neponset Avenue, Foxboro, Massachusetts. 

*Reg. U. S. Pat. Of. 
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HARSHAW 
can make 
the catalyst 
you 


peciy 


HARSHAW 

has the facilities for producing carload quantities of 
PREFORMED CATALYSTS 
to fit special process requirements 

Hydroforming 
Cyclization 
Oxidation Alkylation 
Dehydrogenation Isomerization 

Hydrogenation 


Dehydration 
Desulphurization 


Write for FREE Booklet, “HARSHAW CATALYSTS” 


For more data on advertised products, use cards, last page. 


POWDERED 


CATALYTIC CHEMICALS 
SUPPLIED BY HARSHAW 


Cobalt Nitrate 
Copper Nitrate Manganese Nitrate Solution 
Metallic Soaps (Cobalt, Manganese) 

Nickel Carbonate Nickel Formate Nickel Nitrate 
Nickel Sulfate Sodium Methoxide Zinc Nitrate 


Aluminum Nitrate 


Our experienced technical staff will assist you in develop- 
ing the best and most economical catalyst. If you have 
a catalytic process in the development or production stage, 
a discussion with us may prove beneficial. 


THE HARSHAW CHEMICAL CO. 
1945 EAST 97th STREET + CLEVELAND 6, OHIO 


Chicago « Cincinnati « Cleveland « Detroit *« Hastings-On-Hudson 
Houston + Los Angeles « Philadelphia ° Pittsburgh 
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Controlled density is the reason why Gar- 
lock Guardian* Gaskets offer you unusual 
sealing ability. A series of V-shaped 
metal plies alternated with layers of 
filler form the “body” of GUARDIAN 
spiral-wound gaskets. The proper se- 
lected thickness of filler material and 


ENGINEERED preformed metal, the number of lami 
GASKETS nations of filler and metal and the cor 


rect tension of filler and metal while 
for Plant being formed into a gasket are factors 
Maintenance engineered to achieve the proper gas 
ket density. 

This controlled density —combined 

with the special V-shaped metal plies- 
allows the gasket to “breathe.” Thus, a 
tight seal is effected at all times despite 
equipment or line expansion and con- 
traction. In no other type of gasket is 
it possible to vary the compressibility 
to meet different pressure and bolt load 
requirements. 
Complete range of sizes, shapes and wide 
temperature range are more reasons 
for specifying Garlock GUARDIAN Gas- 
kets ... 46” thickness up to 6”, 4” up 
to 30”, .175” up to 60” and ¥,” thick up 
to 60” depending on flange width. For 
temperatures up to +1900°F. with 
ceramic filler material. 

Type CR GUARDIAN Gaskets are fur- 
nished with a cadmium plated center 
ing ring for corrosion resistance and 
prolonged shelf life. Centering ring 
also is marked with the pressure series 


Exacting control of gasket density is obtained by varying the num- 


—_aee oF y« ine ; P A ran ’ ‘s 
ber of metal plies and filler material to seal a specific pressure. assuring application of correct gas 


ket density for specific pressure. 


Convenient local stocks of most standard 
sizes are maintained at Camden, New 
Jersey, Cleveland, Ohio, Houston, Tex- 
as and San Francisco, California, for 
quick delivery. 


R LO 


Find out more from your Garlock rep- 
resentative at the nearest of the 26 
Garlock sales offices throughout the 
U. S. and Canada, or write for catalog 
AD-176, Garlock Inc., Palmyra, N. Y. 
Canadian Div.: Garlock of Canada Ltd. 
Plastics Div.: United States Gasket Co. 
Order from the Garlock 2,000...two thou- 
sand different styles of Packings, Gas- 
kets, Seals, Molded and Extruded Rub- 
ber, Plastic Products. 


*Registered Trademark 
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30 years of experience in process plant engineering and construction of projects 
throughout the free world qualified Hudson as turn-key contractor for the plant 
here pictured — one of the world’s largest gas processing plants. Constructed on 
the King Ranch of southwest Texas, this plant, owned by Humble Oil and 


Refining Company, has operated continuously since initial start-up. 


Whether your future project is large or small, in the United States or abroad, in 
whatever clime or terrains, Hudson is qualified by experience to serve you with 


speed, ability and integrity. 


DESIGNERS AND CONSTRUCTORS OF HUDSON 


PROCESS PLANTS FOR THE OIL, 
| cas, AND CHEMICAL INDUSTRIES ENGINEERING CORPORATION 





BRAEBURN STATION * HOUSTON, TEXAS 


F 16033 Ventura Bivd. “ 122 East 42nd St. ° 199 Bay Street 17 Stratton St. Piccadilly Corrientes 1115 Rua Mexico 45 
OFFICES: Encino, California New York 17, N. Y. Toronto, Ontario, Canada ® London W. 1, England Buenos Aires, Argen © Rio de Janeiro, Brazil 


» PROCESS AREA: Two storied concrete structure accom: 

' modates HUDSON SOLO-AIRE condensers on top 

a . HUDSON COMBIN-AIRE, a combination of Solo- HIGH PRESSURE ABSORPTION AND GAS DEHYDRATION AREA 
with water cooling tower, is used for other 





How Grayloc’ 
Pipe Connections 
Can Save You Money 
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Taper angle of seal-ring 
ls is slightly less than 
that of mating hubs. Tight- 
ening clamp causes seal- 
ring lips to deflect, form- 
ing seal by spring action 





Money isn’t always measured in dollars — around 
a shop or plant it may be disguised as space, time, 
effort, weight, trouble and inventory. With GRAYLOC 
Pipe Connections, you’re saving in all these categories. 

Specifically, GRAYLOC Connections are smaller 
than equally rated flanges so they weigh less. With only 
two bolts per connection, they take less time, trouble 
and effort to assemble. 

The completely re-usable, all metal seal ring elimi- 


nates the need for replacement gaskets, so you save 





again on inventory and on maintenance time. Fluctuat- 
ing temperatures and pressures, external stress or vibra- 
tion never lead to loose, leaky GRAYLOC Connections. 
After they’re assembled, they never need re-tightening. 

GRAYLOC Connections are manufactured in 
standard stock sizes from 1” to 30”, with special sizes 
available on request. They can easily be made of cor- 
rosion resistant metals on short notice. To learn the 
complete, validated GRAYLOC story, write today for 
the GRAYLOC catalog. 


GRAYLOC SALES DIVISION 


Tool Company 


+ 


P. O. BOX 2291 * HOUSTON 1, TEXAS «* Riverside 7-1240 
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GO-DEVIL... first rig to offer refineries new 


ideas in maintenance, construction, rigging 


Speed and mobility are essential to meet tight schedules 
during maintenance or expansion of a petroleum plant. 
Drott’s 6,000 lb. capacity hydraulic crane is the first 
new rig to offer the refinery new methods for mainte- 
nance, construction and rigging. 


The Go-Devil features a full length side carrydeck 
(26” wide) capable of transporting pipes or columns 
to any length. Total carrydeck capacity is 50 sq. ft. and 
8,000 lbs. Low profile of 8’5” (other models as low as 
75”) permits you to clear low overhead pipes and get 
IT SWINGS | IT TRAVELS 


360° continu- up to 
ous rotation 19 MPH 


iT LIFTS 
6000 Ibs. 
with safety 


oROTy 


MANUFACTURING CORP. 


Milwaukee 15, Wisconsin 
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IT HAULS 
on 50 sq. ft. 
of deck area 


Ki; | > | e- |Ser 


close to maintenance problems. Rear-wheel steer and 
front-wheel drive combined with a compact 74” width 
also gets you in and out of tight spots. 

The hydraulic boom telescopes out to 24’ to precisely 
spot pumps, compressors, valves, gear boxes, pipe. And 
it rotates in a constant 360°. 

Why get a larger more expensive unit when you can 
trust the versatility of the Drott 60 RM2 Go-Devil with 
your jobs? Fill out the coupon below now. Ask about 
the 45 RF2 and 20 RR2 Go-Devils, too! 


feeseneeeee= CLIP AND MAIL TO ###««eaee00 


DROTT MANUFACTURING CORP. 
Materials Handling Division 
3126 S. 27th Street * Milwaukee 15, Wisconsin 


I'd like more information on the 60 RM2 Go-Devil. 
Please rush bulletin MH603. 


Company Name 
Company Address........... 


Ian 2 eB eR eee eee eee 
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Air Pressure —Just 
tests on Reformer Tubes 
before they leave Electro-Alloys 


It takes seven thorough inspections to assure 


you leakproof service . . . and each of our tube 
assemblies goes through them all. The air inspec- 
tion shown above tested these tubes underwater 
at 100 psi. 

At the beginning of the test series, each tube sec- 
tion receives an air test and a hydrostatic test. Then 
the tubes are assembled by welding and each weld 
checked three ways—Borescope, Dyckek and X-ray. 
We repeat the air test and the hydrostatic test with 


one of seven 


at the end of it, there is careful visual inspection by 
experienced personnel. 

A chemical analysis assures composition control 
when the tubes are cast. All this adds up to positive 
protection against costly leaks. 

For reformer tubes that provide leakproof service, 
specify Electro-Alloys centrifugally cast tubes... 
backed by years of casting experience. 

Call your nearest representative or write: Electro- 
Alloys Division, American Brake Shoe Company, 


the complete assemblies. During the test series and 30212 Taylor St., Elyria, Ohio. 
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CHLOR-ALKALI DIVISION 
Products 

Chlorine 

Caustic Soda 

Caustic Potash 

Soda Ash 

Carbon Disulfide 
Carbon Tetrachloride 
Ammonia 

Dimazine® 

Unsymmetrical Dimethy!hydrazine 
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Superior solubility, absorptive and other qualities of caustic 
potash make it preferred to other alkalis for a number of applications. 


While liquid soaps, shampoos and other detergent uses consume 
a large portion of production, substantial and growing amounts 
are required in synthetic rubber, various speciality glasses, 
ceramics, petroleum refining and chemical processing. 


FMC has steadily expanded production to keep ahead of these 
increasing requirements. Our caustic potash is made to specifications 
geared to our customers’ needs, and is packaged to preserve its 
quality in shipment. From So. Charleston, W. Va. and stock points 
we are able to assure unusually prompt deliveries to most users. 


Your call to our nearest District Office (New York, Philadelphia, 
Charlotte, Chicago, Cincinnati, Denver, St. Louis, Los Angeles 
and Newark, Calif.) will get prompt and helpfu! attention. 


CHLOR-ALKALI DIVISION 


161 E. 42nd Street, New York 17 
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Photographed at Standard Oil of Ohio, (Toledo Refinery) 


The constant challenge and the continuous answer 


The demand for ever-superior fuels from refiners is 
constant. The search for ever-better catalysts to help 
produce these fuels is continuous. At the oil com- 
panies and at Cyanamid, the searchers have found 
that each challenge can best be met by pooling know]l- 
edge and resources. In a word, the continuous answer 
lies in cooperation. 

Cooperation with refiners,helped Cyanamid develop 
an answer in Aerocat® micro-spheroidal synthetic 
catalyst. Aerocat provides high activity, stability, 
and selectivity through controlled physical proper- 
ties. You can depend on Aerocat for efficient overall 
performance and satisfactory product realization. 


AMERICAN CYANAMID COMPANY 


REFINERY CHEMICALS DEPARTMENT 


The Cyanamid sales representative—the Man with 
the Golden Rule—played an important role in develop- 
ing Aerocat and other catalysts. His job is not simply 
to sell. His job is to help you in your continuous task 
to meet the constant challenge. Behind his knowhow 
are the resources of a major catalyst producer that is 
also a major manufacturer of other chemicals — 
Cyanamid. Call when you need the aid of his skill. 


Basic in catalyst chemistry 


Bound Brook, New Jersey 
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Most major oil companles have already switched to the lightweight can. 


lf your firm hasn't, consider these important points... 


LIGHTWEIGHT CANS PROVEN IN USE! Companies that con- 
verted months ago report complete satisfaction with 
Canco lightweight can performance—in every phase of 
packing and distribution. Although substantially 
lighter, these new cans actually have improved strength- 
to-weight characteristics! 


EVEN USED FOR EXPORT! Many motor oil companies are 
sending these lightweight cans to foreign markets. What 
better proof of the sturdiness and durability of this new 
lightweight plate! 


LIGHTWEIGHTS CUT YOUR COSTS! You spend less to buy 
and ship lightweight cans, so you get an important extra 
margin to build net profits and promote new business. 


AVAILABLE IN BRIGHT FINISH PLATE! Your label will be as 
attractive as ever, for Canco now provides lightweight 
cans in bright finish plate. And at no penalty—you pay 
economical 2CR prices. 

LIGHTWEIGHTS ARE HERE TO STAY— make the switch now! 


Remember, you save on each can you buy... each can 
you ship. Call your Canco salesman today. 


AMERICAN CAN COMPANY 


NEW YORK - CHICAGO - NEW ORLEANS - SAN FRANCISCO 


CUCALOYL 
December 1961, Vol. 40, No. 12 
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@ TEFLON eliminates or minimizes 
compressor lubrication 


@ TEFLON is inert to most harmful 
chemicals and solvents 


Cook-engineered Teflon packing and piston rings 
now make it possible to reduce or completely elim- 
inate compressor lubrication. Because of its ex- 
tremely low coefficient of friction—its toughness and 
resiliency—Teflon is suitable for both lubricated 
and non-lubricated ring service. 

And just as important, Teflon is completely inert 
to most chemicals and solvents—-thus prevents costly 
product contamination or other damage which might 
result with ordinary ring materials. 

If your special processing applications demand 
“borderline” compressor lubrication, you'll want to 
investigate Cook’s Teflon rings. You can get them 
any size. And they are available in many special 
Teflon blends, depending on your application. Ask 
a C. Lee Cook representative to give you the details. 


ss Teflon is a du Pont product of tetrafluorethylene 
resin. 








NEW PACKING DESIGN 
TAKES HEAT OFF TEFLON RINGS 


This unique packing design now being developed 
by Cook keeps Teflon rings cool! It is a new idea for 
application where Teflon’s qualities are needed, but 
where normal operating conditions develop too 
much heat for conventional designs. 


For more data on advertised products, use cards, last page. 








SEND FOR FREE 
6-PAGE TEFLON BOOKLET 


If you woud like more compiete information about new 
Teflon packings and Teflon piston rings for your specific 
applications, just write: C. Lee Cook Division, Dover 
Corporation, 950 South 8th St., Louisville 3, Ky. 
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“leo-conrosion CONTROL PROGRAMS 


In Nalco’s petroleum laboratories, refinery overhead conditions are 
imulated in this equip t. Composition of streams can be varied, 
corrosion rates of various metals can be studied, and inhibitor per- 
formance can be evaluated thoroughly. Inset: Comparative tests 
show (left) corrosive attack in untreated system; and (right) pro- 
tection afforded by a Nalco inhibitor. 








Nalco inhibitors give you maximum protection at mini- 
mum cost... help you get many extra years of service 
out of every piece of equipment. They allow you to main- 
tain maximum protection despite variations in feedstocks 
and wide pH fluctuations. Throughout your entire sys- 
tem the rapid film-forming action and high temperature 
stability of Nalco inhibitors will help you gain and keep 


E . a é C T { Vy 3 the finest corrosion control. 
| MN # ] 4 | TO R S Research on petroleum industry corrosion problems is a 


continuous study project at Nalco. This broad program 
of basic research into theories of corrosion inhibition and 
practical application studies makes Nalco’s inhibitors 
highly effective and extremely versatile. The technical 
C 0 M 4 L i T £ excellence of Nalco service is the result of extensive field 
experience and continuous laboratory research on corro- 
T EC " os | C A L sion control. Improve your operating picture and reduce 
maintenance costs with proven inhibitors and better 


4 ss 0 W os r 0 W methods of corrosion control. 


There are Nalco Representatives in every petroleum 
processing area of the country, and near most major re- 
fining centers of the world—ready to respond immediately 
when you need assistance. Let them help you determine 
the extent of your corrosion problems, recommend inhib- 
itors, advise on application techniques, set up chemical 
control programs, and help evaluate results. Call your 
Nalco Representative for action, or write for detailed 
data in free File G-3. 


for BEST CORROSION CONTROL RESULTS 


NALCO CHEMICAL COMPANY 
6259 West 66th Place Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, Venezuela and 
West Germany. In Canada: Alchem Limited, Burlington, Ont. 





®...Serving the Petroleum Industry through Practical Applied Science 
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Now! Insulate and 
weatherproof tanks 
in one operation 


NEW J-M SPEED-INSUL GIVES YOU 
INSULATION AND ALUMINUM FACING 
IN A SINGLE PANEL 


With Johns-Manville Speed-Insul®, you can insulate and 
weatherproof outdoor tanks in one operation! This prefabri- 
cated, corrosion-resistant panel consists of a highly efficient 
insulation material (J-M Spintex®) combined with a dia- 
mond-rib, sheet-aluminum facing. 

Available in large 50” x 100” sheets, Speed-Insul is pre- 
drilled for the studs which are supplied with the system. 
What’s more, these sheets can be cut and drilled in the field 
using a standard electric sabre saw and hand drill. The entire 
installation process is fast, economical and simple . . . so 
simple, in fact, your regular plant personnel can do the job. 

For full details on this new J-M product, write to J. B. Jobe, 
Vice President, Johns-Manville, Box 14, New York 16, N. Y. 
In Canada: Port Credit, Ontario. Cable: Johnmanvil. 


Despite their large size, light- Speed-Insul can be easily cut 
weight J-M Speed-Insul panels with a standard sabre saw. 
are easy to handle. 


JOHNS MANVILLE 


JOHNS-MANVILLE Jl 


PRODUCTS 


AN INSULATION FOR EVERY COMMERCIAL AND INDUSTRIAL USE 
? 
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PREVENTION OF CRUELTY 
TO OLD COMPRESSORS 


You've got at least one air compressor, 
of course. Doesn’t everybody? And 
there it sits, pumping its heart out for 
you year in and year out. And you 
there, Simon Legree, do you ever give 
it a break and measure its capacity? 
One measure is the useful work done 
by your compressed air tools, of course. 
However, this yard stick may make 
your compressor installation seem way 
oversize, but don’t blame the 
equipment. The puffing oldster isn’t 
responsible for choked intake filters, 
poorly designed suction pipes, 


overcooling, undercooling, inadequate 
distribution mains and wet air. All 
these things can cost you. 

Off and on we're going to talk about 
compressors in these pages, if you don’t 
mind. It’s a big subject and the lesson 
for today will be confined to the air 
intake. Can you imagine a more 

logical place to start? 

Where to locate the intake? Easy. 
Where the atmosphere is clean and cool 
and dry. Dirty air and grit choke filters 
and eventually get through to cause 
wear. The cooler the air, the more you 
can compress per revolution. You'll get 
10% more air delivered at 40°F. than at 
90°F. And dryness is imperative, 
because compressed air can’t contain 
all the moisture it can hold in its 
uncompressed state. Where does the 
moisture go? Into mains, tools, and 
valves, unless it’s removed. And need 
we add that chemical fumes cause 
corrosion? That includes exhaust gases 
from engines and furnaces. CO:2 in the 
presence of oxygen and moisture can 
rust your valves, tools, nozzles and 
sprays. 


How about intake size? Keep pipes 
short, sized right, and straight as 
possible. Sma pipes with snaky bends 
reduce pressure and capacity. For an 
educated example, a pressure loss due 
to friction in the inta Mo we and filter 
of 2 psi (14.7 to 12.7) will reduce 
output of a 125 psi compressor by 7.5%. 
How do we know so much? Well, as we 
continue in future issues, we'll be 
talking drains and traps and cooling 
and safety controls for compressors— 
all of which we manufacture. That’s 
how we know so much. If you can’t 
bear to wait, just write. It’s that easy 
to get information out of us. 


SARCO AND THE 
FLYING DUTCHMAN 


In the pipe shop of a major office 
building complex on New York’s east 
side, the i he Dutchman flies again. 
This is really a bright idea which could 
well were standard practice 
elsewhere, because it’s the kind of 
logical precaution that would make 
sense anywhere. 

The chap in our photograph is putting 
together, according to precise, 
dimensioned drawings, an assembly 
consisting of a Sarco Thermo-Dynamic 
Steam Trap, Type TD-50, a Sarco 
strainer, and valves and fittings for 
stock. The assemblies will be used for 
quick and easy replacement in the 
event of failure or any possible 
maintenance requirement in the steam 
distribution system, the heating system, 
or the air conditioning system. 








WORLD'S LARGEST ESPRESSO MACHINE? 


No indeedy. It’s a pilot plant Hydrofiner unit 
built by The Lummus Company at its Engi- 
neering Development Center in Newark, New 
Jersey. And its presence here is due to the 
fifteen %” Sarco Thermo-Dynamic Steam 
Traps which vent and drain its 35 pound 
tracer lines plus a %” TD-50 as a main 
drip. Nice to be picked for projects like 
this. Makes us proud. 








SARCO COMPANY, INC., 635 MADISON AVE., NEW YORK 22, N.Y. 


STEAM TRAPS @ TEMPERATURE CONTROLLERS © STRAINERS @ HEATING SPECIALTIES 
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We'd like to be able to report that this 
plan recently saved thousands of 
people from freezing or roasting during 
a crisis. So far, however, the assemblies 
have proved to be an ornamental 

kind of insurance a. Alas, there 
have been no failures. That dog-goned 
Sarco performance is just too reliable 
for its own good. 


WE'VE GOT THINGS 
TO GIVE AWAY 


First of all, we have a new spring clip 
to hold together a bunch of papers on 
your desk, or something. It’s not 
complicated, but it is difficult to 
describe, so we’ve gone to the 
tremendous expense of having our 
local Michaelangelo sketch it here. 

If you have no papers to hold together, 
it makes a rather delightful snapping 
noise that might amuse you. Oh yes— 
it also has a cross section of a -50 
steam trap printed on it which actually 
moves when you wiggle your eyeballs 
at it. In case you still don’t know how 
a TD-50 works, this is for you. 


Second, we've still got engineers’ 
sketch pads which we enjoy giving 
away so much we’re offering them 
again. In case you’re new here (Hello!) 
they contain isometric Ss meee paper for 
use by anyone involved in piping or 
hookup sketches for process or 

heating applications. 

And the famous Sarco key chain, 
which is really exactly that—a chain— 
about 60 times as handy as a fat case, 
we're offering again too. This has a 
TD-50 replica attached, but detachable. 
Call it tawdry promotion if you will, 
but our super-aesthetic wife wears 
one proudly around her neck. 

All of these are available from your 
Sarco representative. Or, if he’s out, 
write in. 

There’s really no reason to keep this 
conversation one-sided. After all, we’re 
both interested in these subjects or you 
wouldn’t have read this far. So write, 
even if it’s only about a difficult 
problem. 7826 


HyprocarRBoNn Processinc & PETROLEUM REFINER 





i Send for New data on 
J 7 GROVE Reducing and 


PAPAIN Back Pressure Regulators 
Ne 


FOR PILOT PLANTS and REFINERIES 


GROVE SMALL VOLUME REGULATORS 
Small, hand adjusted, panel mounted 
models 16 and M6300 class for 
reducing and back pressure service. 
Feature nylon diaphragms or Kel-F 
on special order. 18/8 stainless for 
all parts in the flow stream. 


GROVE MITY-MITE® REGULATORS 
Miniaturized, extremely accurate. 
Reducing model 94W features nitrile 
rubber diaphragm, Viton diaphragms 
on special order. Back pressure Model 
90 has nitrile rubber diaphragm, 

91 features Teflon diaphragm. 
Aluminum alloys or 18/8 stainless. 


GROVE FLEXFLO® REGULATORS 


For reducing, back pressure and relief 
service. 2”*to 12”. Self-operated, pilot- 
operated or use with Grove electric, 
pneumatic or hydraulic operators. 


GROVE POWREACTOR® REGULATORS 
Self-contained, direct acting reducing 
regulators. Type W, externally dome loaded. 


Proved in critical aerospace propellant 
handling systems. Wide range of 
body and diaphragm materials. 


G he OV FE R FE ¢ U L AT O R S Please send me Technical Data on these Grove products for Pilot Plants 


( ) Grove #16 and M6300 Class Loaders ( ) Grove Flexflo 
cz 


Grove Powreactor 


GROVE VALVE AND REGULATOR COMPANY ( ) Grove #90, 91, 94W Mity-Mite Regulators 


6529A Hollis Street, Oakland 8 Name 





Company 
Address. 
City. 














standard or custom PRECIOUS 
METAL CATALYSTS 


for use in the organic and 
petroleum chemical industries 


Engelhard PRECIOUS METAL CATALYSTS are available...on a wide variety of carriers 
--ein the form best suited for your needs...in the concentration most economical for your purpose 


ENGELHARD’S MOST WIDELY USED SPECIES 
ALUMINA-SUPPORTED CATALYSTS 
5% |} Pt, Pd, or Rh on alumina powder 


0.5% | Pt, Pd, Rh, or Ru on alumina pellets or spheres including fabrication of rocket fuels, plastics 
0.3% | Pt on alumina pellets or spheres 


RD 150 or RD 150C and textile intermediates, high octane gaso- 


For efficiency in promoting various laboratory 








chemical reactions and in large scale reactions 

















CARBON-SUPPORTED CATALYSTS line, heavy chemicals and fine pharmacev- 





Pt or Pd on activated carbon powder ticals, consult with the Chemical Division of 





Rh or Ru on activated carbon powder 


Pd on granular carbon ENGELHARD INDUSTRIES, INC. where the 

OTHER CATALYST SPECIES world’s largest research and production facili- 
Pet on CaCO oF BoSOs powder ties in the field of PRECIOUS METAL CATA- 
Pd or Pt oxide 
Pd or Pt black LYSTS are combined to meet your requirements. 


AM Ge ok PEE RE 


. '  e  . &@ 2 ee eee ee 
CHEMICAL DIVISION 
































113 ASTOR STREET + NEWARK 2. NEW JERSEY 
SALES OFFICES THROUGHOUT THE WORLD. 


LEADERS IN MANUFACTURING AND REFINING OF PRECIOUS METALS CATALYSTS FOR OVER THIRTY YEARS 


90 For more data on advertised products, use cards, last page. HyprocarRBon Processinc & PeTrroLEuUM REFINER 





Improve your 


Engineering Ay 


® INCOME QUOTIENT 


New-Product Development Vital to Industry: 
High Mortality Rate On Ideas, But Odds Can Be Reversed 


Industrial “fairy tales’ are few and far 
between, but here’s one with more than a 
grain of truth. The situation, as you will 
recognize, has been duplicated frequently. 

Before embarking on the short tale, it 
must be acknowledged that most companies 
cannot survive without new products or serv- 
ices for their various “publics.” At this very 
moment, in all phases of industry, there are 
declining products. There are manpower and 
production facilities that must be utilized 
more profitably. And it is to the engineers 
of today that industry looks for the new 
products and services of the future. The road 
to successful new-product development, has 
many hazards and pitfalls and insists on a 
realistic appraisal of a// phases of develop- 
ment. Perhaps the following “tale” is over- 
simplified, but it serves at least to introduce 
the subject for closer inspection. 

Once upon a time, a sharp young man 
named Eddie Engineer had a whopper of an 
idea. He thought to himself: “If I can design 
this Widgit, I’ll bet lots of people would be 
glad to pay $1 for it.” After an infinite 


WRITE FOR .YOUR 
COPY TODAY 





| gooKLeT E-1! 


NEW-PRODUCT 
DEVELOPMENT: 


VITAL 
TO 
INDUSTRY 


hed by 
, WESTERN suPPLy CO 


One of a Series, publis! 
Heat Exchanger Division. a 
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number of calculations and endless days, he 
finished his design. 

But, Eddie Engineer was a thinker, not a 
maker, so he had to find someone to manu- 
facture the Widgit. He found the best man- 
ufacturer in his locality, a man of good 
reputation named Freddie Fabricator. He 
showed Freddie his plans and convinced him 
that people would easily pay $1 for a Widgit. 
Freddie wanted to join in the enterprise, but 
he had to admit, “I suppose they would pay 
$1 for it, but it will cost at least $2 to make 
one of these Widgits, even on a volume 
basis.” 

So, poor, dejected Eddie had learned an 
expensive lesson, because all of his time and 
effort had gone for naught. If his time had 
been dollars, he’d have been broke. 

Not long after, he had another whopper 
of an idea, this time for a Gidgit. Before he 
sharpened a pencil, however, he went over 
to see Freddie. Freddie said he could make 
the Gidgit and they both thought people 
would pay $2 for one. That way, they could 
both pocket enough to get rich. 


The climax to the “fairy tale” started in the foregoing 
paragraphs may be significant to the professional 
advancement of the creative-minded engineer who may make 
new-product design and development his next 
achievement. The road ahead for him may be difficult, 
filled with detours and dead ends, but its rewards 

can be worthwhile, both to the individual and his company. 
In designing and producing heat transfer equipment 
suitable to our customers’ needs, Western stays 

alert to the innovations and new developments demanded 
by continuous flow processes. We invite you to 
discuss your heat transfer problems — new 

or old — with members of our Heat Exchanger Division. 
Meanwhile, your copy of “New-Product Development” 
awaits your request. 


WESTERN 


HEAT EXCHANGERS 
WESTERN SUPPLY COMPANY 
P.O. Box 1888 — Tulsa,Oklahomea 
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xf More Than A Gasket... 
It’s Safety and Reliability 
Plus Re-usability! 


‘O- Seal’ tami ily 


Yes, Gask-0-Seals do cost a little more (but very little more) than ordinary 
gaskets . . . But they save a lot more in time and effort. 
For instance, they will tolerate flange deflection or bolt stretch; they will seal 
pressures beyond rated recommendations; they are fail-safe and will not 
leak or wear due to vibration or pulsing . . . and it is much easier and 
quicker to install a Gask-0-Seal. More and more pipe line engineers, refiners 
and processers are specifying Gask-0-Seals because of their superior 
reliability. Why not get the facts about these unique no-leakage gaskets. 


Po rker SEAL COMPANY 


ULVER CITY, CALIFORNIA and CLEVELAND, OHIO 





CONTROL... essential element in efficiency! 


“Efficiency is the capacity to produce desired results.’ On this thesis lies Brown & Root's ability to 
Satisfy clients. A Under its own roof . . . with its own personnel and equipment Brown & Root has the 
capability of a “‘turnkey’’ job. From preliminary engineering through final design . . . through purchasing, 
expediting, logistic support and the manifold phases of construction, every step of the way is carefully 
controlled. This control can be interpreted in fast economical completion for you. & If your organization 
is planning new construction or plant expansion, you will profit by talking to the man from Brown & Root. 


BROWNsRO0T: 


ENGINEERS « CONSTRUCTORS 


NEW YORK TORONTO 

LONDON EDMONTON 

MONTREAL SAO PAULO 
WASHINGTON 


POST OFFICE BOX 3, HOUSTON 1, TEXAS CABLE ADDRESS: BROWNBILT 
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CERAMIC ENGINEERS MIX IMAGINATION WITH ALCOA ALUMINAS TO PRODUCE WEAR-RESISTANT SHAPES. 


NO WEAR. (After 5,000 hours NOWHERE. (After 5,000 hours, 


Alcoa” Alum Snows ero- 


f 1 ee 
Ihe - S\A rn Slate Nae Ou 7, ¢ rat c tal" / v.1 
adie SNOWS V/ it] . v . v¥YOG ) UCOCL. 


Both castables were field-tested in drier columns of Parry lignite-process 
system in Aicoa’s Rockdale, Texas, plant. In these columns, moisture-laden 
lignite was subjected to high-velocity steam at approximately 1,500° F. This 
WVFeKomretame) ol-1e-ldlolam aaltonamel-saar-lalel-1em-10] l-1ale] mi a-t-11-)¢-laler-mcom-l ole-l-1lelam-lalem-1ee)-1(0)aF 
@ Again, note the test results. The conventional castable suffered erosive 
damage in critical areas. But the alumina-phosphate lining showed no wear. 
Write for the complete report entitled, Phosphate-Bonded Alumina Castables: 
Some Properties and Applications. And remember, for erosion-resistant refrac- 
Co) 6am er-t-)(-10](-s-HMmn ol -M-101¢- Mi Com) 01-101} AVM 0) aley-J 0) aT-1¢-od olelale(-1e Mmer-t-1¢-le)(-t- mil (el-me tg 
Alcoa Aluminas— Alcoa Tabular Alumina and Calcium Aluminate Cement 
fo) amor 0-9 e- 10] |-1-ee- La- EL ETeME-NE-TIT- 1) 28 

ON TVisalialeisaien Ovelanley- lah ame) may Wanl-la ler: Fi PN ote? Wed | ie. ye 


Chemicals Division, 707-M Alcoa y PF RGB ELS ee 
Building, Pittsburgh 19, Pa. 





Entertainment at Its Best... ALCOA PREMIERE with Fred Astaire as Host .. . Tuesday Evenings, ABC-TV 
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HARBISON- 
WALKER 





A BRAND FOR EVERY SERVICE 


GUNNING RAMMING CASTING* 





Corundum Ramming Mix 


Korundal Ramming Mix 
: Coralite Ramming Mix H-W Lightweight Castable 
Coralite Plastic Refractory 
H-W Mullite Ramming Mix | H-W Cas 
H-W Mullite Plastic Refractory | 
— ——- > 
Apache Plastic Refractory H-W High-Alumina 


Apachite Plastic Refractory H-W Lightwerght Castable”. 


| Castolast G 


T Apac he Gun Clay 
| H-W Chromepak 


H-W Super Gun Clay 
H-W Harcast BF 


TH WwW Kuplomix 


H-W Super Plastic Fire Brick 


Coral Ramming’ Mix 


H-W Black Patch 


H-W Standard Plastic H-W Lightweight Castable 
H-W Standard Gun Clay Fire Brick H-W Harcast 
H-W Super Castable 
H-W Harchrome G H-W Chrome Castable 
H-W Harchrome Castable 
H-W Lightweight Castable 2¢ 
| H-W Extra Strengtt 
Castable LI 
H-W Standard Castable 


W 

H-W Baffle Mix 
W Extra Strength Casta 
W 






H-W Lightweight Castable 
| Ger Extra Strength 
A complete series of gunning, ramming and casting H-W Low-Iron Lightweight 
refractories is available from Harbison-Walker to me Lightweight Castable ; 
meet every furnace operating condition and temper- | | H-W Lightweight Castable 20 
ature requirement. Harbison-Walker engineers will | | : a ges alga able 10 
help you select the proper brands to assure best = a 





° ° x . *These products may also be gunned. 
balanced service life. Write us for complete details. ; 








H PITS - BOILER SETTINGS 
YTIC REACTORS - DOOR 
FURNACE ROOFS - HEARTHS 
GS - ROTARY KILN CHAIN 
SOAKING PIT COVERS 


ATA 
AIAL 


HARBISON-WALKER REFRACTORIES CO. 
AND SUBSIDIARIES World’s Most Complete 


Refractories Service 
GENERAL OFFICES: PITTSBURGH 22, PENNA. 


N FURNACE LININGS 











HARBISON-WALKER MONOLITHIC REFRACTORIES 


Now packaged for easy handling and time saving on job site 


Newly-designed square-end bags, zip-open cartons 
and sturdy steel drums provide users of Harbison- 
Walker’s monolithic refractories with easy handling, 
better palletizing and efficient storage advantages. A 
distinctive color for each brand speeds product iden- 
tification on the job site. 

The bags for packaging castables are made of 
sturdy, multi-wall, moisture-proof material. Brand 
names and mixing directions are clearly printed on 
each bag. The easy-to-handle zip-open cartons con- 


tain plastic refractory slabs wrapped in polyethylene 
moisture-proof material, insuring good shelf life. The 
results— besides easy and efficient handling—sub- 
stantial savings of time and labor in installation. 


AND SUBSIDIARIES Sf excomene 


GENERAL OFFICES: PITTSBURGH 22, PENNA. 


HW 61-15 





The Mail Box... 


Says More Needed 


In the October issue of HP/PR you 
preface some good, solid, conservative 
quotations with “Wish I’d Said That.” 
I hope you will continue to print similar 
quotes if you can’t express the idea any 
better than someone else has. We need 
much more editorial attention directed to 
freedom, patriotism, free enterprise, 
thrift, and particularly to capitalism. 
Capitalism is not synonymous with ex- 
ploitation as too many people have come 
to believe because it has been said so 
often. 


I am enclosing a copy of an excellent 
essay, “Three Levels of Leadership,” 
which is pertinent to this matter. If you 
would like to have inspiration for liber- 
tarian editorials, I suggest you get your 


name on the mailing list for the Founda- | 
tion for Economic Education. Their pub- 


lications are excellent. 


For example, “Notes from FEE” dated 
September 1961 suggests what action the 
individual can take. (We need to be ex- 
horted to act more than we need to be 
reminded that all is not well.) 

FEE suggests three levels of action as 
follows: 


1. Achieve that degree of understand- 
ing which makes it impossible to join in 
or support in any manner whatsoever any 
socialistic proposal; in short, refrain from 
ideological wrong doing. 


2. Achieve that degree of understand- 
ing and exposition required to point out 
socialistic fallacies and certain principles 
of freedom to those who come within 
one’s own personal orbit. 


3. Achieve that degree of excellence in 
understanding and exposition which will 
inspire others to seek one out as a tutor 
of the libertarian philosophy. 


Action to deal with such situations as | 


governmental expenditures (see your 
“Both Easy, One Easier,” page 15, No- 
vember 1961 HP/PR) or any other where 
the government is not doing our bidding 


goes far beyond merely writing to our | 


congressmen and senators. 


I feel strongly that we are sunk unless 


more people take a more active part in 
government, and soon! 
Stanley P. Clark 


Bryan, Texas 


Notes Progress 


I think the new change in name ‘for 
“REFINER” is tops as it shows that you 


are definitely progressing with our in- | 


dustry. 
Geo. E. Mapstone 
African Explosives & 
Chemical Industries 
Johannesburg, South Africa 


Editor's Note: Glad to have this view 
from Dr. Mapstone, a research and de- 
velopment chemist with his company and 


a valued HP/PR author for many years. 
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Large capacities factory 
built as readily 
as small sized units. 


al 


~ 


Shown is the two pass construction of a THERMAL fired heat exchanger capable 
of heat duties of over 15,000,000 BTU/hr. Coiling of outer pass absorbs dif- 
ferential expansion within the heater. Unit shown is constructed of all Inconel 
but construction using stainless or carbon steel is readily available. Fuel will be 
natural gas although burner system, located at top of heater, is not shown in these 
photographs. THERMAL Heat Exchangers may be operated on oil or gas to pro- 


duce temperatures to 1900 F, flows to 500 Ibs/sec, and pressures to 5000 psig: 


Write for Bulletin #113 for full description of 
THERMAL fired heat exchangers. 


THERMAL 


Thermal Research & Engineering Corp. 


CONSHOHOCKEN ¢ PENNSYLVANIA 
REPRESENTATIVES IN PRINCIPAL CITIES 


aaawesssesee 
Sous ee, 
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WTR 
Other Thermal Products 
& Services: 


Gas, Oll, & Combination 
Burners 

Air Heaters 

Gas Generators 

Submerged Combustion 

Waste incineration 

Combustion & Heat 
Transfer Equipment 
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DELIVERS MORE 
FIRE FIGHTING 
POWER — 


extinguishes faster 


Rockwood specialty FOAM Fire-Truck equipment 
provides greater fire-fighting punch to meet any 
situation fast and make manpower more effective! 
Why? Because it adapts quickly to changing con- 
ditions... hits harder and faster. 

There's volume and versatility to spare in Rock- 
wood turret nozzles. They are immediately adjustable 
to fight fire four ways: with FogFOAM — Solid 
FOAM Stream — WaterFOG — Solid Water Stream. 

And Rockwood FOAM Fire Truck Proportioning 
Systems provide close control of FOAM liquid 
proportioning automatically — another vital step in 
the efficient use of manpower. 

Rockwood Handline, Ground-sweep, Under Truck 
Nozzles and custom designed specialty parts com- 
bine to round out the complete line of FOAM equip- 
ment...the most advanced, most effective tools for 
fire protection, regardless of your particular needs. 
For details, write Rockwood Sprinkler Company, 
Portable Fire Protection Department, 506 Harlow 
Street, Worcester 5, Mass. Distributors in all principal 
cities. Rockwood Sprinkler Company, A Division of 
The Gamewell Company, A Subsidiary of E.W. Bliss 
Company. Rockwood engineers water...to cut fire 
losses. 


ROCKWOOD 


PORTABLE FIRE FIGHTING EQUIPMENT 
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when you 


plan 


your process... 


plan on 
A.O. Smith 


for custom-built pressure 


vessels, heat exchangers 
and related products 


; 


REFLUX 


DISTILLATION CONDENSER 


COLUMN 
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REBOILER 








HEAT EXCHANGER 


{Seas 4 


COOLER 














Plan on A. O. Smith for your pro- 
cess equipment—and plan with con- 
fidence. A. O. Smith has the facili- 
ties and know-how to custom-tailor 
process equipment to your exact 
specifications. A world-recognized 
leader in the process equipment 
field, A. O. Smith can provide qual- 
ity-built components to satisfy any 
process requirement. 

However, building modern process 
equipment is only part of the A. O. 
Smith plan. Also available to you 
is the industry’s most respected staff 
of research scientists, technicians 
and engineers who will help you 
analyze your operating conditions 
and make suitable recommenda- 
tions backed by long experience. 
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Many modern process plants have a com- 
plete range of A. O. Smith custom-built equip- 
ment, such as: heat exchangers « reboilers « 
evaporators * condensers * coolers * columns 
¢ hydraulic cylinders « air storage vessels 
* reactors * autoclaves « tanks. 


For more data on advertised products 


STEAM GENERATOR 


CONDENSER. 


SEPARATOR 


Plan to call on your nearest A. 
O. Smith office. Or send for our 
new brochure, “From Arc to Atom.” 
Write Dept. 0113-PR, A. O. Smith 
Corporation, Milwaukee 1, Wis. 


Through research ES ..@ better way 
AO.Smith 


C @. 8 P.O. 8 4 el Oe 


PROCESS EQUIPMENT DIVISION 
Milwaukee 1, Wisconsin 
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PRODUCT: 


NOW...CLOSER PROCESS CONTROL THROUGH 
HIGH-SPEED GAS CHROMATOGRAPHY 


Direct closed-loop control of multi- 
component process streams is now 
possible with the new High-Speed 
Chromatographic Analysis System by 
Perkin-Elmer: the Model 284 Proc- 
ess Vapor Fractometer. 


This new system is characterized 
by: 
SPEED: Most analyses can be made in 
Jess than two minutes. 


ACCURACY: Analyses can be made 
accurate to +1.0% full scale. 


RANGE: Components can be meas- 
ured from ppm to 100% full scale, 


VERSATILITY : The Model 284 system 
can be used on single, multicompo- 
nent or ratio applications; with gas or 
liquid sampling; and with thermal 
conductivity or high-sensitivity 
hydrogen flame detectors. 

ADAPTABILITY: The Model 284 can 
be used with most commercially- 


available pneumatic and electrical 
controlling devices and computers. 


RELIABILITY : Extensively field-tested, 
the Model 284 system has already 


given unmatched control perform- 
ance on refinery processes. Savings in 
plant operation, through-put and 
reduced capital expenses are being 
effected by controlling processes with 
the Model 284. Short-term invest- 
ment payouts are uniformly experi- 
enced in control of refinery reaction 
steps, fractionator systems, blending 
operations and other processes. For 
complete information, contact the 
Perkin-Elmer Corporation, 880 Main 
Avenue, Norwalk, Connecticut. 


INSTRUMENT DIVISION 


Perkin-Elmer Gyo 


NORWALK, CONNECTICUT 


For more data on advertised products, use cards, last page. HypDROCARBON Processinc & PETROLEUM REFINER 
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what price 
octanes’? 


J. R. Jackman and R. J. Werling 
Ethyl Corp., Detroit 


OcTANE-IMPROVEMENT Jf js easier now to see how much 


costs are related to many fac- : . 
o octane improvement will cost, 
tors such as market prices, 


capital investment, octane thanks to the charts given in this 


blending effects, and process syryey. The latest information is 


techniques. One cannot under- 
used so that you can make an up- 
estimate the importance of 


octane economics as an essen- to-date study of the more impor- 
tial to efficient manufacture of tant factors. For easy reference, 
motor gasoline, especially with 
today’s squeezed profit margins. 
Thus cost analyses are given involving processing techniques 


the report is divided into sections 


here for five means available 
to the refiner for octane con- 
trol. 
Each section contains several illustrative calculations. ify gasoline antiknock qual 
Since the two most flexible means of octane control are ratings, or empirical roac 


THE BASIS FOR THIS 
COST STUDY 


Laboratory Ratings Used. 
Refinery octane specifications 
have the objective of providing 
the customer with a gasoline 
that will give knock-free per- 
formance in his automobile. 
Since road antiknock testing is 
complex and expensive and 
does not lend itself readily to a 
direct means of refinery con- 
trol, refiners have historically 
used laboratory knock-test en- 
gines (Research and Motor 
methods) to control and spec- 
ity. Thus, Research and Motor 
1 octane correlations incorpo- 


catalytic reforming and the use of antiknocks, these rating these two tests, provide a convenient basis for 
methods are covered in the initial sections. But first, let analyzing a refiner’s octane-improvement economics. A 


us consider the basis for these analyses. more valid basis, but out 


side the scope of this article, 


Cost analyses are given for: 


Reforming 103 Antiknocks 112 Alkylation 118 
Isomerization 124 Hydrocracking 128 
SASS CALLAN, STINET CRY AATRE IRAE E IAT NE RIN 
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would be that of analyzing antiknocks and processes on 
a road octane number basis. 

Fuel technology studies in recent years have taught 
us that the single-cylinder knock-test methods alone do 
not necessarily define road antiknock quality completely. 
Certain compositional and antiknock effects manifest 
themselves in additional road antiknock quality not in- 
dicated by the Research and Motor methods. Test meth- 
ods of improved significance are under study by the 
American Society for Testing Materials, and many re- 
finers have already incorporated some more direct mea- 
sure of road antiknock quality in their economic analyses. 
Though this analysis is constructed on the basis of Re- 
search and Motor octane numbers, it is done so with 
the recognition that further refining economies can often 
be realized by tailoring refinery operations directly to 
road antiknock quality. 


Definition of Terms. The yardstick for analysis in this 
review, is cents per octane number-barrel (¢/ONB). 
Most refiners use either this unit or a similar unit with 
the gallon as the basis. In this term the denominator is 
a unit of improvement. This distinction is important for 
one can lose octane-barrels by strict material balance 
and still show improvement in quality. 

For example, if we remove 10 barrels of 72-O.N. gas- 
oline from 100 barrels of a 90-O.N. blend, we have lost 
720 octane-barrels by material balance. However, the 
resulting 90-barrel blend is now 92 O.N., an improve- 
ment of 2 O.N. over the original blend. Thus, we say we 
have an improvement of (90) (92-90) or 180 octane 
number barrels. Dividing this term into the cost gives 
¢/ONB. The improvement unit used is strictly defined 
by the volume of improved-quality gasoline times the 
difference obtained by subtracting the original octane 
quality from the new octane quality. 

It may be pertinent to elaborate on the definition of 
an octane-improvement method since a clear understand- 
ing of the operation will make it easier to understand 
these economic analyses. Any refining step carried out 
solely for improvement of antiknock quality is defined 
as an “octane-improvement process.” Thus, catalytic re- 
forming, antiknock addition, under-cutting to distillates, 


desulfurization, and isomerization are octane-improve- 
ment processes. 


Cracking processes do not fit the definition. By and 
large, they are carried out to increase the value of heavier 
crude oil fractions by converting them into gasoline and 
distillates. Evaluated as octane-improvement methods, 
the cracking processes indicate negative costs. This, of 
course, means that the operation is profitable in addition 
to providing octane numbers. 

Polymerization is seldom an octane-improvement pro- 
cess by the definition set forth, since the conversion of 
gaseous hydrocarbons into gasoline is an operation carried 
out for profit. Polymerization can be considered an oc- 
tane-improvement process only when it shows a loss (e.g., 
polymerizing high-cost feed stocks) . 
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Alkylation of isobutane and olefins may or may not be 
an octane-improvement process. When conducted for the 
purpose of blending aviation gasoline, alkylation is not an 
improvement process. If operated to produce motor al- 
kylate that would otherwise be unprofitable, the process 
would be considered an improvement method. Any ope- 
ration conducted solely for octane improvement of gas- 
oline is of the type under discussion. 


Basis for Octane Costs. If all the gasolines marketed 
in the United States at the present time were to be 
blended into a common pool, the resulting Research 
octane number would be about 94.7, the Motor octane 
number about 86.2 and the TEL concentration about 
2.0 ml per gallon. Such a gasoline pool is used as the 
basis for our octane-cost analyses of processing. The TEL 
susceptibility of this pool and the premium-regular break- 
down is indicated as follows: 


Basic Motor Gasoline Data 
Premium Regular Pool 


Volume Percent 31 69 100 


Research Octane Number 


1.5 ml TEL/gal. 98.1 93.7 
3.0 ml TEL/gal. 99.9 96.1 
4.0 ml TEL/gal. 100.7 97.1 


Motor Octane Number 


1.5 ml TEL/gal. 87.9 83.9 85.1 
3.0 ml TEL/gal. 90.5 86.9 88.0 
4.0 ml TEL/gal. 91.6 88.2 89.2 


All calculations presented herein assume no component 
limitation to grade blending. The calculations are based 
on the gasoline pool at a TEL concentration of 3.0 ml 


per gallon. Also, the following economic values are used: 


Economic Value 
Fuel 30¢/M Btu 
Propylene 
Butylene 
Butane 


7¢/gal. 
10¢/gal. 
6¢/gal. 
Isobutane 8¢/gal. 
Gasoline 11.8¢/gal. 
TEL 0.2023¢/ml 


It is realized, of course, that some of these values differ 
considerably in various sections of the country, and that 
this often appreciably affects octane-improvement costs. 
Where this is the case, graphs are used to illustrate these 
effects. 

Another factor that affects octane-improvement costs 
is the amount of fixed charges that are included in the 
costs if a capital expenditure is required. For this study, 
the fixed charges totaled 36 percent (37 percent for alky- 
lation) of the capital investment per year. This includes 
10 percent for depreciation, 4 percent (5 percent for al- 
kylation) for maintenance, 2 percent for insurance and 
taxes, and 20 percent for return on investment before 
taxes. (The 20 percent return before taxes gives about 
10 percent after taxes which, when coupled with 10 per- 
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cent depreciation, results in a cash flow payout of about 
five years). The use of these percentages seems to be 
consistent with refinery economics practice. It should be 
noted that the investment costs per barrel of feed or 
product used in the illustrative examples were arbitrarily 
selected and do not necessarily represent the costs for the 
increments of feed or product in the examples. Therefore, 
the individual refiner would use his investment costs in 
working out the octane improvement costs for his opera- 
tion. 


Catalytic 


Catalytic reforming capacity has grown over fifteen- 
fold in the last 10 years, and now stands at about 20 
percent of crude processing capacity. Such rapid growth 
has been due to the relatively inexpensive octane numbers 
that reforming has afforded the refining industry at a 
time when the octane numbers of commercial gasolines 
were climbing steadily. During this period, reformers 
were designed mainly to handle low-octane straightrun 
naphthas. Now, however, attention is being turned to 
reforming of other stocks, such as thermal naphthas, 
catalytically cracked naphthas, and lower-boiling straight- 
run _naphthas. 

Octane economics usually dictate which route, if any, 
the refiner should take. No two refiners’ analyses will be 
the same. Competition, pricing, and variations in the 
reforming process itself preclude arriving at one solution 
that each refiner should follow. 


This section of the octane-cost study discusses reform- 
ing of various types of straightrun naphthas, the lowering 
of the initial boiling point of the reformer charge, and 
the reforming of cracked naphthas. Unless otherwise 
specified, the octane quality referred to for all reformate 
is clear Research octane number. 


Reforming an Intermediate-Type Naphtha. Catalytic 
reforming of an intermediate-type naphtha, such as that 
found in the midcontinent area, is probably the most 
common type of reforming carried out today. An aver- 
age intermediate-type naphtha would have the properties 
shown in Table 1. 





Table 1——-Average Intermediate-Type Naphtha 





Boiling range, °F 200-380 
Gravity, “API 53 
Reid Vapor Pressure, psi 1.0 
Research O.N. 

Clear 40 

3.0 ml TEL/gal. 65 
Motor O.N. 

Clear 39 

3.0 ml TEL/gal. 64 
Paraffins, vol % 46 
Naphthenes, vol % 42 
Aromatics, vol % 12 
K factor 
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There is yet another factor that affects octane-im- 
provement costs, and in a much more complicated way; 
namely, blending octane numbers. The blending octane 
number of a component depends on the characteristics 
of the other components with which it is being blended. 
Therefore, no specific blending value can be assigned to 
a component as being typical. Graphs are used where 
necessary to show the effects of blending values, thus 
increasing the usefulness of this review to many refining 
situations. 


Reforming 
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FIGURE 1—The dashed lines represent variations of the 
yield-octane curve due to differences in catalyst and operating 
pressure when reforming an intermediate-type naphtha. 


Assuming that this naphtha is reformed at about 400 
to 450 psi, we might expect a yield-octane curve as shown 
by the solid line in Figure 1. Thus, to obtain a 100-RON 
reformate, a yield of about 76 volume percent C,;* mate- 
rial would result. The two dashed curves represent limits 
for variations of the yield-octane curve due to differences 
in the catalyst and/or operating pressure. Here, as in the 
rest of this section, only unleaded Research-based yield- 
octane curves are presented. Leaded and Motor-based 
curves can easily be estimated from the following rela- 


tionships: 


RON @ 3.0 ml TEL = 45.3 + 0.587 (RON 
clear) 
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Octane-Improvement Cost, ¢/ONB 





Butane Value, ¢/Gal. 


FIGURE 2—Reforming versus not reforming an intermediate- 
type naphtha imposes costs which depend on the market price 
of butane. 
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FIGURE 3—The value of gasoline has a marked effect upon 


the comparison of reforming versus not reforming an inter- 
mediate-type naphtha. 


MON clear = 8.3 + 0.817 (RON clear 


MON @ 3.0 ml TEL 15.3 + 0.764 (RON 
@ 3.0 ml TEL) 


These relationships are based on data taken from litera- 
ture | Maples, R. E., gee Blending Stocks,” 
LEUM REFINER 33, No. 9, 284 (1954)] 
many reformate samples. 

The octane-improvement cost for reforming this aver- 
age intermediate naphtha at 90 RON with a capital 
investment of about 400 $/bbl of capacity is about 
3.6¢/RONB and 4.7¢/MONB. How such a calculation 
is made is shown in Table 2. Reforming to a 90-RON 
reformate (98.13 RON @ 3.0 ml TEL) results in a yield 
of 84.8 percent C;* material (see Figure 1). Based on 1,000 
barrels of reformer charge, this operation is equivalent 
to removing from the pool 211 barrels of gasoline having 
a —57.91 RON and a —31.40 MON, with a resulting 
octane improvement of about 32,500 RONB and 25,200 
MONB. 


PETRO- 
and tested on 
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TABLE 2—Economics of Reforming an Intermediate-Type Naphtha 
to 90 RON 


Investment Cost-$400/bbI charge 





Research Moser 
O.N. O.N. 
@ 2s ml | @ 3.0 ml 
Effect on Gasoline Pool Bbls. TEL TEL 


Remove naphtha from pool (1000) can 65.00 
| 





Add 90-RON clear reformate to pool 848 98.13 


Adjust butane (59) | 101. 60 100. 40 


j 


Net effect (211) | (57. 91) ( 31. 40 


Octane Improvement 
RONB = (—211) C —57.91—96. 1 
MONB = (—211) 31.4—88.0 


Economics Bbls. Value 
Credits 
Reformer gas mi ike, FOE 97.8 30 ¢/M Btu 
Reformer C+ make 59.5 6.0 = ¢/gal 
C4 removed from gasoline 59.0 6.0 ¢/gal. 
PEL (3 ml/gal. gasoline removed 211 0.2023 





Total 
Debits 
Lost gasoline production : | 8 ¢/gal. 
Reformer operating costs | 
Utilities.... 
Catalyst 
Royalties 
Labor 
Fixed charges 


Total. 


Octane-Improvement Cost 
(Debits- —Credits) (100) 


Oct ane - Improve ment 


= 3.6¢/RONB, 4.7¢/MONB 
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FIGURE 4—The zero investment point assumes spare capac- 
ity is available. These curves are for intermediate-type naphtha 
fed to the reformer. 
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FIGURE 5—The reformate octane level has very little effect 
upon the total cost of octane improvement. 
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The economics consist of applying credits and debits 
to this operation. Credits consider (1) the value of the 
fuel gas and butane make from the reforming operation, 
(2) the butanes backed out of the gasoline pool as a 
result of volume and Rvp changes, and (3) TEL savings 
resulting from the reduced gasoline volume. Debits in- 
clude the value of the gasoline destroyed in reforming 
and the reformer operating costs. Since the debits exceed 
the credits, this is an octane-improvement process. The 
octane-improvement cost is simply the net cost divided 
by the octane improvement obtained. 

As mentioned previously, octane-improvement costs 
are affected by the economic values used in analyzing 
them. Figures 2 through 5 show the effects of these 
values. The points represent the values used in the exam. 
ple calculation (Table 2). As shown in Figures 2 and 3, 
butane and gasoline values have marked effects on the 
octane-improvement costs of reforming. The value of 
fuel gas has little effect on costs since any change in fuel 
value would be reflected in both the fuel gas make credit 
and the utility debit. Calculations indicate that over a 
fuel gas range of 15 to 60¢ /M Btu, octane-improvement 
costs vary only about 0.3¢/ONB. Figure 4 indicates that 
the capital required has an appreciable effect on costs. 
On the capital investment curves, the zero investment 
point is of interest since it indicates the effect that mar- 
ginal reforming expenses have on octane-improvement 
costs alone. Thus, it is seen that spare reforming capacity 
offers very inexpensive octane-improvement costs for 
straightrun naphthas. 

The effect reformate RON has on the total octane- 
improvement cost of reforming versus not reforming is 
shown in Figure 5. The effect is small because the octane 
improvement (in the denominator) is large (i.e., from 40 
to 90 RON). This should not be confused with the 
incremental octane improvement cost incurred by chang- 
ing severity levels. In the latter case, the effect of re- 
formate octane number is substantial. The effect of in- 
creasing severity is discussed later. 


Reforming Paraffinic and Naphthenic Naphthas. 
Reforming paraffinic naphthas, such as a Kuwait naph- 
tha, and naphthenic naphthas, such as a Gulf Coast or 
a California naphtha, is briefly considered in this analy- 
sis of octane-improvement costs. Approximate charac- 
teristics of these naphthas are summarized in Table 3. 





Table 3—-Naphtha Feeds 


Paraffinic 
200-380 


Naphthenic 
Boiling Range, °F 200-380 
Research O.N. 
Clear 
3.0 ml TEL/gal. 
Motor O.N. 
Clear 
3.0 ml TEL/gal. 
Paraffins, vol % 
Naphthenes, vol % 
Aromatics, vol % 
K factor 
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Volume % Cs,* Reformate 
FIGURE 6—Paraffinic naphtha has a poor yield-octane re- 


lation, but it exhibits the lowest octane-improvement cost 
because it gives the greatest octane increase during reforming. 


Yield-octane curves for these naphthas together with 
the curve for the intermediate-type naphtha are com- 
pared in Figure 6. Calculations of octane-improvement 
costs for the paraffinic and naphthenic naphthas were 
made on the same basis as for the intermediate-type 
naphtha. The octane costs for all three naphthas when 
reforming to a 90-RON reformate are summarized in 


Table 4. 





Table 4—Cost for Octane Improvement 


Naphtha Type ¢/MONB 
Paraffinic : 3.6 
Intermediate 6 1.7 
Naphthenic 3 6.2 





The paraffinic naphtha exhibits the lowest octane- 
improvement cost as a result of high octane improve- 
ment. This naphtha went from a clear RON of 30 to 
90, or 60 octane numbers, whereas the naphthenic stock 
increased 35 octane numbers from 55 RON. Although 
the cost of reforming the paraffinic naphtha to the 90- 
RON level is higher, the higher octane improvement 
results in the lower ¢/ONB. On the other hand, when 
analyzing octane-improvement costs for increasing re- 
former severity, which we will do next, we will find the 
paraffinic stocks have the highest costs. Here, we are 
essentially justifying reforming of stocks versus allocating 
them to the gasoline pool directly. The effects of butane 
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FIGURE 7—The incremental cost of increasing the octane 
of reformate goes up sharply at the higher octane levels. 


and gasoline values, capital expenditure, and reformate 
octane number on improvement costs are similar to those 
for the intermediate-type naphtha. 


Increasing Reformer Severity. With reforming capac- 
ity in the U.S. currently at a level capable of handling 
all of the available straightrun naphtha, octane-improve- 
ment costs for increasing reformer severity are probably 
of more interest than are the costs of reforming versus 
not reforming just discussed. Reformer severity affords 
the refiner a tangible means of controlling octane num- 
bers and octane costs. Of course, so do antiknocks as 
discussed in the next section. Thus the refiner finds him- 
self playing the costs of reforming severity against the 
cost of antiknock to produce octane numbers at mini- 
mum over-all cost consistent with maximum return on 
all products. Consequently, we would like to show (1) 
an example of how to calculate octane-improvement cost 
for increasing severity, (2) some typical octane-improve- 
ment costs, and (3) how the values of fuel, butane, and 
gasoline affect these costs. 

A calculation determining the octane-improvement 
cost for increasing the reformer severity on a typical 
intermediate-type naphtha is shown in Table 5. The 
reformate quality is being increased from 90 RON to 
92 RON. About 921 RONB and 660 MONB of improve- 
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ment are obtained for each 1,000 barrels of charge. In 
running through the economics, we find that we take 
credit for additional fuel gas and butane make, butane 
backed out of the pool, and TEL saved. Debits consist 
of the gasoline lost through increasing severity and the 
increase in marginal operating costs. 


No charges are made against increasing reformer se- 
verity except those charges actually incurred in raising 
the severity. 


This essentially amounts to more fuel and a slightly 
higher catalyst cost. In the example shown, this is 
0.76¢/bbl of feed. Similarly, no credit is taken for any- 
thing other than what is produced from increasing sever- 
ity. It is assumed for these calculations that no capital 
expenditure for “debottlenecking” is necessary. If such 
were the case, the charge would have to be made against 
the operation, and the octane-improvement cost would 
be higher.. 

The calculation shown in Table 5 is for a relatively 
small increment of reformate octane improvement. By 
determining costs for successive small increments along 
yield-octane curves, curves similar to those in Figure 7 
are obtained. Figure 7 shows what might be considered 
typical incremental Research octane-improvement cost 
curves for paraffinic, intermediate, and naphthenic 
charges based on the yield curves presented previously 
(Figure 6). The dashed curves represent a range around 
the intermediate naphtha curve based on the curves of 
Figure 1. 

The use of Figure 7 is relatively straightforward. A re- 
finer processing an intermediate-type naphtha, under the 
basic economic values used here, and desiring to increase 
his clear reformate quality from 92 RON to 98 RON 
would experience the following costs. The octane- 
improvement cost for the first incremental increase in 
RON would be about 6.0¢/RONB, and the cost for the 
last increment at 98 RON would be 10.4¢/RONB. The 


TABLE 5—Economics of Increasing Reformer Severity 


Basis: Increasing reformate RON from 90 to 92 on 1000 barrels of interme- 
diate type naphtha charge. 








Effect on Gasoline Pool Bbls. 





Stop reforming to 90 RON.........] (848) 

Start reforming to 92 RON........ 834 

Adjust butane ( 4.76) 
(18.76) 


Net Effect 




















Octane-Improvement 
RONB = (—18.76) (47.0—96.1) = 921 
MONB = (—18.76) (52.83—88.0) = 660 





Economics Bbls. 


Credits 
Reformer gas make, FOE a 30 
Reformer C4 make 8 6.0 
C4 removed from gasoline s 6.0 . 
TEL (3 mi/gal. gasoline removed) . 0.2023 ¢/ml 


Value 





¢/M Btu 





Debits 
Lost gasoline production ‘ 11.8 ¢/gal. 
Marginal operating cost increase. .}| 1000 0.76 ¢/bbl 

















Octane-Improvement Cost 
(Debits—Credits) (100) 
= 5.5¢/RONB, 7.7¢/MONB 





Octane Improvement 
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FIGURE 8—These incremental costs for the Motor octane 
method are related to the Research octane level for easy use. 
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FIGURE 9—The incremental cost for increasing severity of 
reforming is shown by these two octane levels. 


average cost for the total increase would be slightly less 
than 8¢/RONB. However, it is the cost of the last incre- 
ment that is the most important, for it is this incremental 
cost that is balanced against the cost of the last increment 
of antiknock. 

Further examination of Figure 7 illustrates our point 
made earlier, that increasing severity on a paraffinic 
stock is very expensive as high severity is approached. 
This, of course, is due to the poorer yield-octane rela- 
tionship. Incremental Motor octane-improvement cost 
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FIGURE 10—These incremental costs are for reformates from 
intermediate-type naphtha feeds. 
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FIGURE 11—The point on this incremental cost curve rep- 
resents the conditions used in the example problem. 


curves are presented in Figure 8. Motor octane number 
costs are also plotted against reformate clear RON for 
ease of comparison with Research costs. As indicated, 
Motor octane-improvement cost is higher than Research 
octane improvement cost at the same severity level. 
Fuel, butane, and gasoline values have more marked 
effects on octane costs when increasing severity than 
those indicated previously for reforming versus no re- 
forming. Figures 9 through 11 show these effects on Re- 
search octane costs. (The effects on Motor octane costs 
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100 














typical of the total gasoline portion. Such data have 
formed the basis for the economic evaluation of lowering 
the IBP of the reformer naphtha charge. Figure 12 
shows what happens to the yield-octane relationship as 
the front end of the naphtha is lowered. 
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FIGURE 12—Lowering the initial boiling point of the re- 
former feed makes more feedstock available, but a poorer 
yield-octane relation then exists. These curves are for inter- 
mediate-type naphtha. 


are proportional and easily obtainable.) The Research 
octane effects are shown at two severity levels—about 90 
RON and 100 RON for an intermediate-type naphtha. 
The point represents the value obtained in Table 5. It is 
well to note that fuel, butane, and gasoline values have 
quite an influence, particularly at high severity. It is no 
wonder then that reforming situations vary considerably 
from refiner to refiner with respect to the level of opera- 
tion. 


Lowering Initial Boiling Point of Reformer Feed. 
Whenever spare reformer capacity exists, the question 
arises as to the advisability of lowering the initial boiling 
point (IBP) of the reformer feed in order to take ad- 
vantage of this spare capacity. Such action, of course, 
results in a poorer over-all reforming yield-octane rela- 
tionship if the ASTM initial temperature is lowered 
much below 200° F. This is due to the inclusion of more 
and more paraffinic material which is less desirable as a 
reformer charge. Before we can look into the economics 
of lowering the initial boiling point, we must know the 
amount and quality of the material that will be included 
with the naphtha as the IBP is lowered. Using an inter- 
mediate-type naphtha from a Midcontinent crude as a 
basis, we could expect the information in Table 6 to be 
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Table 6—Mid-Continent Gasoline Breakdown 


Rvp, Research O.N. 
ASTM Fraction % or Crude psi @3.0 ml TEL 


IBP-160° F 2 16.2 87.8 
160-170° F - 82.5 
170-180° F i a 80.5 
180-190° F i ). 78.5 
190-200° F : . 76.5 
200-380° F : ‘ - 





A calculation for determining the cost of lowering the 
IBP from 200° F to 190° F based on 1,000 barrels of 
200-380° F naphtha being reformed to 90 RON is shown 
in Table 7. The calculation assumes that the new charge 
also will be reformed to 90 RON. Since the ratio of 200- 
380° F material to 190-200° material is 20 to 1 (as in- 
dicated in Table 6), we pick up 50 additional barrels of 
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FIGURE 13—The incremental cost of increasing octanes is 

larger when the initial boiling point of the feed is decreased. 


These curves are for reformate from intermediate-type 
naphtha. 
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naphtha per 1,000 barrels of 200-380° F naphtha origi- 
nally being reformed. We also must move to a new yield- 
octane curve, as shown in Figure 12. The net effect on 
the gasoline pool is an octane improvement of 1,043 
RONB and 627 MONB. As with increasing severity, the 
economics consist of taking credit for all additional yields 
of fuel gas and butane together with the butane and 
TEL removed from the gasoline pool. The debits, how- 
ever, are a little more involved. Of course, the lost gas- 
oline production must be valued. In addition, however, 
two operating-cost adjustments must be made. One is the 
increase of the marginal operating costs for the base 
1,000 barrels of charge that are involved. The other is 
the total marginal operating costs that must be applied 
against the new 50 barrels of charge. No fixed charges 
are applied since it is assumed that the reformer has the 
spare capacity. If this is not true and an investment is 
being considered to allow for lowering of the IBP of the 
reformer charge, a debit should be included to account 
for the capital expense. 

By calculating the cost of reducing the IBP by small 
increments, curves such as those shown in Figure 13 can 
be established. These curves can be considered typical of 
the cost of reducing the front end on an intermediate- 
type naphtha. As indicated, costs have been established 
for both Research and Motor octane numbers at two 
severity levels—90 RON and 95 RON. Thus, we can see 
that a refiner who wishes to lower the IBP from 200 to 
170° F while operating for a 90-RON reformer, experi- 
ences the following costs: 

The first increment of IBP reduction will cost about 
4.5¢/RONB and the last increment will cost about 
14.5¢/RONB, with an average cost of about 9¢/RONB. 
Motor octane-improvement costs will be considerably 
greater, covering the range from 7.5¢/MONB to 35.5¢, 
MONB, with an average cost in the neighborhood of 


TABLE 7—Economics of Lowering Initial Boiling Point 


Basis: Lowering from 200 to 190° F on 1000 bbi of 200° F-+- intermediate-type 
naphtha when reforming to 90 RON. 


Research 

OLN. .N. 
Rvp, @ 3.0 ml| @ 3.0 ml 
| Bbls. ps TEL TEL 


Motor 
O.N 


Effect on Gasoline Pool 





Stop reforming 200° F + naphtha. (848) 3.2 98.13 | 90.27 
Remove 190-200° F fraction | 

from pool | (50) 5.0 76.50 76.50 
Start reforming 190° F+ naphtha..| 887 3.4 98.13 90.27 
Adjust butane | (2.95) 65.0 | 101.60 100.40 





Net Effect (13.95 10.0 21.34 43.06 


Octane-Improvement 
RONB = (—13.95) (21.34—96.1) 
MONB = ( 


13.95) (43.06—88.0) 


Economics 


Credits 
Reformer gas make, F 
Reformer C4 make... A 
C4 removed from gasoline. . . 2.98 . ¢/gal. 
TEL (3 ml /gal. gasoline removed) 0.2023¢/ml1 





ia 5 9:0 
Debits 
Lost gasoline production 3.95 | : 
Marginal operating cost increase } 15 ¢/bbl 
Total marginal operating cost. 5 25.15 #¢€/bbl 


Total 





Octane-Improvement Cost 
(Debits—Credits) (100) 
— ———“— = 4.5¢/RONB, 7.5¢/MONB 
Octane Improvement 
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FIGURE 14—Reforming cracked naphtha has come into the 
spotlight within the last couple of years. 


20¢/MONB. As when increasing reformer severity, it is 
the cost of the last increment which is the most import- 
ant. The effects of fuel gas, butane, and gasoline values 
on octane-improvement cost are not shown for this type 
of operation, but are easily obtainable by substituting in 
the example calculation of Table 7. The effects will not 
be too different from those shown for the reforming and 
severity change operations. 


Reforming Cracked Naphthas. Reforming of cracked 
naphthas seems to have come into the spotlight in the 
last couple of years. However, few operating data have 
been published reflecting the refiners’ experience with 





Table 8-—Cracked Naphthas as Reformer Charge 


Thermal Catalytic Catalytic 
Boiling range, °F 230-380 930-400 300-400 
Est. % of full-boiling material 60 45 25 
Gravity, “API 50 40 
Rvp, psi 0.7 ' 0.4 
Paraffins, vol % $4 3! 34 
Naphthenes, vol % 38 2: 18 
Aromatics, vol % 18 . +8 
Est. K factor 11.8 ~ 11.3 


Octane Numbers (before hydrogen treating) 
Research 
Clear 70 
3.0 ml TEL/gal. 79 
Motor 
Clear 


3.0 ml TEL/gal, 
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FIGURE 15—It is possible to compare the cost of installing 
new reforming capacity with the cost for increased severity 
of existing units. These data are for reforming 230-380° F 
thermal naphtha. 
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FIGURE 16—These costs data are on a Motor octane basis 
using a 230-380° F thermal naphtha charged to the reformer. 


@ 
2 
°o 
= 
~ 
~~ 
< 
wo 
° 
oO 
+ 
ce 
® 
E 
7 
> 
° 
a 
£ 
’ 
® 
c 
3 
= 
2 
°o 
s 
= 
c 
o 
E 
© 
. 
3 
ce 


such stocks. Here, we will attempt to gather what data is 
available from literature and private sources into an 
economic analysis. Cracked naphthas usually are hydro- 
gen treated before reforming; otherwise, catalyst life can 
be sufficiently affected to make reforming costs exces- 
sive. Thus, we will consider three hydrogen-treated 
cracked naphthas, whose pertinent characteristics are 
listed in Table 8. 


Such naphthas are usually reformed in admixture with 
straightrun naphthas at varying percentages. However, 
to simplify the procedure, we will analyze the reforming 
costs by processing the naphthas separately. Figure 14 
shows yield-octane curves for these naphthas. Table 9 
shows a calculation for determining the octane-improve- 
ment cost of reforming the thermal naphtha to 90 RON 
when spare capacity exists in both the hydrogen-treating 
equipment and the reformer. Thus, no capital expen- 
diture need be included in the cost determination. The 
calculation is straightforward, being much like those al- 
ready presented. The hydrogen-treating costs are broken 
down as 5¢/bbl for marginal operating costs plus the 
cost of the hydrogen consumption which is estimated to 
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FIGURE 17—Incremental octane-improvement costs are 
greater for a catalytic naphtha than for a thermal naphtha. 
These data are for a reformate from a 230-400° F catalytic 
naphtha feed. 
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FIGURE 18—A 230-400° F catalytic naphtha gives these cost 
data on a Motor method basis. 
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be 6¢/bbl in the case of the thermal naphtha. For the 
catalytic naphthas, the cost of hydrogen consumption is 
estimated to be 1.5¢/bbl for the 230-400° F fraction and 
1.0¢/bbl for the 300-400° F fraction. 


When reforming cracked naphthas, there is some min- 
imum octane number level below which it is impractical 
to reform, because of costs and octane number balance. 
For example, when reforming a catalytically cracked 
naphtha of 96 RON at 3.0 ml TEL, we first hydrogen 
treat, which lowers the RON to, say, 87 RON. We must 
at least reform back to 96 RON at 3.0 ml TEL to break- 
even on octane numbers. In fact, we must even go to a 
higher severity level to reduce unit costs because at the 
break-even octane point we have spent money and have 
no octane improvement. Thus, the octane-improvement 
cost for reforming the cracked naphtha versus not re- 
forming at the octane break-even point is infinite. 

At the same time, however, the incremental octane- 
improvement cost for increasing severity at this point is 
low because of the favorable yield-octane relationship 
for the cracked naphtha in the same octane range. As 
the reformate octane number is increased above the 
cracked naphtha octane number, improvement costs for 
reforming the cracked naphtha decrease, while incre- 
mental octane-improvement costs for increasing severity 
increase. The two improvement costs approach each 
other, become equal, and then both increase as reformate 
octane number of the cracked naphtha is raised further. 
Such an analysis is also true of straightrun naphthas, but 
the break-even octane number occurs at such a low level 
as to be only academic. 

A fairly complete picture of what happens to Research 
octane-improvement costs when reforming thermal naph- 
tha is shown in Figure 15. The solid lines represent 
octane-improvement costs of reforming the thermal 
naphtha against allocating it directly to the gasoline 


TABLE 9——Economics of Reforming Thermal Naphtha 


Basis: Spare capacity on both hydrogen treating and reforming facilities. Pro- 
duction of 90-RON reformate. 








Motor 
N 


Rvp, ¥ 
Effect on Gasoline Pool " psi : TEL 








Remove thermal naphtha from pool 0.7 
Start reforming to 90 RON 370 2.6 
Adjust butane...... wine 3 eee 51.56)| 65.0 








Net Effect........ eee pe |} 10.0 





Octane-Improvement 
RONB = (—181.56) (—6.25—96.1) = 18,600 
MONB = (—181.56) (—7.48—88.0) = 17,300 





Economics Bbls. 


Credits 
Reformer gas make, FOE 85.8 
Reformer C4 make 49.2 
C4 removed from gasoline 51.56 
TEL (3 ml/gal. gasoline removed) . 181.56 


Value 





0 ¢/M Btu 
6.0 ¢/gal. 
6.0 ¢/gal. 
0.2023 ¢/ml 





Lost gasoline production 181.56 
Marginal reformer costs.......... 1000 
Marginal hydrogen treating costs..| 1000 

















Octane-Improvement Cost 


(Debits—Credits) (100) 
= 4.2¢/RONB, 4.5¢/MONB 





Octane Improvement 
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FIGURE 19—The heavier catalytic naphtha does not require 
reforming to such a high level, thus the costs are lower. 


pool. The costs are plotted on parameters of capital in- 
vestment required per barrel of thermal naphtha proc- 
essed. The dashed line represents the cost of increasing 
the reforming severity on the thermal naphtha. Assume 
for a moment that a refiner wants to reform thermal 
naphtha and has a situation similar to that exemplified 
in Table 9, including the spare reforming capacity. From 
Figure 15 and the zero capital expenditure line, we find 
that the refiner should reform the thermal naphtha to at 
least 89 RON where his costs will be about 4.2¢/RONB 
Below this level, he can actually increase the severity and 
decrease the unit cost of reforming the naphtha. If he 
requires an expenditure of $400 per barrel of added ca- 
pacity to handle the thermal naphtha, he should reform 
to 95 RON assuming the fixed charges are as docu- 
mented in our basis (36 percent per year). 


Figure 16 shows Motor octane-improvement costs on 
the same basis. These costs are plotted against reformate 
Research octane number for ease of comparison. Figures 
17 and 18 show Research and Motor costs respectively 
for the 230-400° F catalytically cracked naphtha, while 
Figures 19 and 20 cover the same costs for the 300-400° 
F catalytic naphtha. 

Inspection of Figure 17 shows that marginal reforming 
of a 230-400° F catalytically cracked naphtha costs 
about 11.5¢/RONB when reformed to 102 RON, which 
is the minimum practical severity indicated. The heavier 
catalytic naphtha does not require reforming to such a 
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high level; as shown in Figure 19, the cost for this opera- 
tion is about 8.5¢/RONB with a reformate quality of 
99 RON. 


These data tend to substantiate what appears to be 
going on in the refining industry today. Considerable re- 
forming of thermal naphtha is taking place, but there is 
less reforming of catalytic naphtha. 


Antiknocks 


The petroleum refiner has at his disposal two flexible 
means of controlling incremental octane numbers and 
incremental octane-improvement costs. These are the 
amount of antiknock he uses and the level of operation 
he chooses for his reformer. Both cost money. We already 
have discussed reforming, and this section of the report 
includes an appraisal of the economic status of tetra- 
ethyllead (TEL) as a means of octane improvement. 
TEL is the predominant antiknock in use, and there 1s 
considerable historical data available. 

More volatile lead alkyls than TEL have been com- 
mercially available for over a year and have been found 
economically attractive by a number of companies. These 
newer antiknocks are very similar to TEL, but definite 
advantages relative to TEL in terms of Research and 
Motor octane number can be obtained in specific fuel- 
antiknock combinations. Road octane evaluations will 
often define additional advantages for the lighter alkyls 
not indicated by the laboratory tests. Because this analy- 
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FIGURE 20—A 300-400° F catalytic naphtha was used to 


produce the reformate for which these cost data were 
computed. 
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FIGURE 21—The over-all trend of weighted-average Re- 


search octanes for U.S. gasoline is based on samples taken 
during the Fall of each year. 


sis is based strictly on laboratory octane numbers, we 
have chosen to limit the scope to the most widely used 
antiknock—tetraethyllead. 

The cost of octane improvement by increasing the con- 
centration of TEL depends on three things: 


@ The initial TEL concentration. 

@ The TEL susceptibility of the gasoline. 
To a minor extent, the octane number of the 
gasoline. 


Since the fall of 1953, Ethyl’s Gasoline Testing Divi- 
sion has annually secured a large number of refinery 
samples of regular-grade and premium-grade gasolines 
Octane numbers and TEL content are determined for 
these samples as received, and octane numbers after 
addition of 2.0 ml TEL per gallon. Thus, the TEL re- 
sponse of each sample is measured, and we have the 
three pieces of data necessary to appraise the economics 
of TEL as a means of octane improvement. 


Refinery sampling tends to analyze gasoline production 
and is in contrast to Ethyl’s monthly survey of gasoline 
sales through service stations. Since samples are selected 


HyprocarRBoN Processinc & PETROLEUM REFINER 





and weighted on a different basis in each survey, the 
averages reported from each survey for the total United 
States are not directly comparable. There is even less 
reason to compare average data from regions since gaso- 
line sold in one region may have been produced in some 
other region. This is particularly true of the East and 
Gulf Coast. Nevertheless, the fall refinery data, because 
of the large number of samples, gives an excellent base 
for analyzing TEL economics. 

Included in this section are historical statistics on gas- 
oline quality, TEL levels, sensitivity, premium percent- 
age, susceptibility, octane costs, and octane numbers re- 
maining to maximum TEL. Unless otherwise specified, 
all data are based on the Ethyl Fall refinery survey. 
Statistics for 1961 are not yet available. 


Data from 1958 Through 1960. The three-year TEL 
data for both Research and Motor octane numbers of 
premium and regular gasolines in the total U.S., is sum- 
marized in Table 10. Examining the data for premium 
gasoline in this table, we see that during the three years: 


® Motor octane number increased more than Research 
octane number 


e TEL concentration decreased 
® Octane-improvement costs decreased 


Lower TEL price and concentrations account for the 
major part of the reduced costs. In addition, the fact 
that Motor octane number increased more than Re- 
search octane number indicates a greater use of alkylate 
in premium blending. More alkylate results in better 
susceptibility which, in turn, tends to lower incremental 
octane-improvement costs at the same level of octane 
number and TEL concentration. 

For regular gasoline, we see that Research octane 
number increased more than Motor octane number as a 
result of the change in component allocation between 
premium and regular brought about by the increased use 
of alkylate in premium. 


TABLE 10——TEL Data Summary for U.S.A. 
(Based on Fall Refinery Data) 
RESEARCH DATA | MOTOR DATA 


1958 | 1959 | 1960 





Premium 


As Received | | 
Octane Number 98.8 99.: | 88.7 89.4 90.0 
TEL, ml/gallon 2.56 , : 2 2.56 2.44) 2.41 
| ae » 9.1 | 3. 7.7 6.6 
Octane Remaining | 
to 3.0 ml TEL r 6 7 R . 0.8 
to 4.0 ml TEL.. 7 . 6 5 | 8 1.8 
¢/ONB | | 
@ 3.0 ml TEL 1.7 6 9. as | es 
A 3.0 ml to 4 ml TEI 3. | ; ° 9. 9.5 
@ 4.0 ml TEL 42 | 124 § 8 | 10.9 


As Received 
Octane Number 
TEL, ml/gallon 
¢/ONB 5 
Octane Remaining 
to 3.0 ml TEL 
to 4.0 ml TEL 
ONB 
@ 3.0 mi TEL..... 
A 3.0 ml to 4.0 ml TEL 
@ 4.0 ml TEL 


¢ 
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FIGURE 22—In 1959, this is the way the octanes were dis- 


tributed among U.S. gasolines. 
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FIGURE 23—There is an overlap in the octane ratings of 
premium and regular gasoline. These data are on a Motor 
octane basis. 


Octane numbers remaining to the 3.0 and 4.0 ml TEL 
concentrations are also reported on Table 10. For 1960, 
premium gasoline shows 1.6 RON and 1.8 MON to 
maximuin TEL concentration (4.0 ml TEL), while reg- 
ular shows 3.2 RON and 3.3 MON increases. Interest- 
ingly, the octane-improvement costs in 1960 at maximum 
TEL concentration—11.9¢/RONB for premium and 
10.4¢/RONB for regular—are very competitive with the 
processing costs discussed in this report. 


Gasoline Quality. Gasoline quality continues to climb, 
with the Fall 1960 refinery survey data averaging 99.4 
RON for premium gasoline and 92.5 RON for regular 
gasoline. The over-all trend of weighted-average Research 
octane number is shown in Figure 21. 

Regional octane number statistics, although not re- 
ported here, are available for the East Coast, Midwest, 
Gulf Coast, Rocky Mountain, and West Coast regions. 
They show the weighted-average Research octane num- 
bers for “as-received” 1960 gasolines vary from 98.3 in 
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the Rocky Mountain area to 100.0 in the West Coast 
area for premium, and from 90.1 in the Rocky Mountain 
area to 93.9 RON in the East Coast area for regular. 
Thus, in the fall of 1960, the East Coast produced the 
. ae “ T T T — ion er —_- _ 
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FIGURE 24—Trends in sensitivities show the result of com- 
ponent redistribution for the last three years. 
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FIGURE 25—A lower concentration of TEL is being used 
in today’s gasolines. 
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FIGURE 26—Here is the way TEL was distributed among 
U.S. gasoline in 1959. 
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highest quality regular gasoline, while the West coast 
produced the highest premium. 

Distribution curves of the RON and MON quality of 
“as-received” 1959 gasolines on a total U.S. basis are 
shown in Figures 22 and 23. Examination of the 1959 
Research data (Figure 22) discloses that there is a small 
overlap between the antiknock qualities of premium and 
regular gasolines. For practical purposes then, the distri- 
bution of gasoline antiknock quality is continuous; the 
highest octane regular gasoline has about the same anti- 
knock quality as the lowest octane premium gasoline. If 
we neglect the terminal 5 percent of each curve and thus 
consider 90 percent of the gasolines produced, the regu- 
lar gasolines ranged from 89.6 to 94.2 RON in the fall 
of 1959, and the premium gasolines ranged from 97.9 to 
100.8 RON. Distribution data for 1960 statistics are not 
available. 


Sensitivity. Sensitivity (Research octane number minus 
Motor octane number) has become increasingly import- 
ant the last several years. Figure 24 shows the trend of 
sensitivity in the Fall survey data. Premium-gasoline 
sensitivity approached 9.4 in the fall of 1960 after reach- 
ing a high of 10.7 in the fall of 1957. Regular-gasoline 
sensitivity has increased the last three years as a result 
of component redistribution to lower premium-gasoline 
sensitivity. 


TEL Concentration. The average TEL concentration 
in premium gasoline in the fall of 1960 varied from 2.21 
ml/gallon in the East Coast area to 2.68 ml/gallon in 
the Midwest, with a U.S. average of 2.41 ml/gallon, as 
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FIGURE 27—Sales data show premium gasolines lost ground 
recently. 
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FIGURE 28—TEL susceptibility can be expressed as a co- 
efficient in this equation: Log PN = b+ m Log (T + 0.5) 
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shown in Table 10. Similarly, the average TEL concen- 
tration in regular gasoline varied from 1.34 ml/galllon 
on the West Coast to 1.90 ml/gallon in the Midwest, 
with a U.S. average of 1.63 ml/gallon. Thus, the Mid- 
west showed the highest TEL concentration in both 
grades of gasoline. The trend in total U.S. TEL concen- 
tration is shown in Figure 25, while the distribution 
curves for 1959 data are presented in Figure 26. 


Premium Gasoline Percentage. The trend in the 
volume percentage of premium gasoline is shown in Fig- 
ure 27. This figure documents the volume relationship of 
premium gasoline to regular gasoline inherent in the total 
pool statistics. The percentage data are based on Ethyl’s 
yearly report of gasoline sales. As indicated, premium 
percentage decreased to 30.7 percent in 1960 from a high 
of 32.0 in 1956. 


Susceptibility. Data on TEL susceptibility are devel- 
oped for each sample in the survey from the antiknock 
quality on an “as-received” basis and plus 2.0 ml 
TEL/gallon. The relationship betwen antiknock quality 
and TEL concentration used in this study is given by the 
following equation: 


Log PN=b-+m log (T+ 0.5) (1) 
where 


the Army-Navy performance number 
a constant 

a measure of TEL susceptibility 

ml TEL per gallon 


The trend in the value of “m” on a U.S. average is 
shown in Figure 28. 


Octane-Improvement Costs. After TEL susceptibili- 
ties have been calculated, incremental octane-improve- 
ment costs are readily determined by using the following 
equations: 


Below 100 O.N. 


42 C (T+0.5) PN 


NB = 
eons 2800 m 





Above 100 O.N. 


36: 7-05) 


ONB = 
e/ m PN 


C. TEL cost, ¢/ml 
T PN, and m are as defined in Equation (1) 


The derivation of these equations is straightforward, 
and is included for documentation. 

The Army-Navy performance numbers are related to 
octane numbers below 100 by the following: 


2800 
PN => 


~ 128—ON (*) 
Substituting the value of PN into Equation (1): 


2800 
—_______— = b ] T+ 0.5). 
log 35 —ON + m log (T + 0.5) 
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FIGURE 29—After 1957, the cost of TEL was decreased, thus 


giving a lower cost for octane improvement. 
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FIGURE 30—There is considerable overlapping between the 
costs of improving premium gasoline and the cost of improv- 
ing regular gasoline. 


the first derivative of T with respect to O.N. is: 


ee... (T+ 0.5) 
d ON ~~ Mm (128—ON) 





2800 


or more conveniently, since 128—-ON = oN 


dT _ (T+0.5) PN 
d ON 2800 m (5) 





This expression defines the incremental TEL needed 
(ml/gallon) to raise the octane number an incremental 
amount at any octane level below 100. Multiplying 
through by 42 C, we convert to barrels and introduce 
TEL cost, C, to arrive at equation (2) which defines the 
incremental octane-improvement cost for octane numbers 
below 100. 

A cost equation for octane numbers above 100 can be 
derived in similar fashion. Instead of Equation (4), we 
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use the following relationship between PN and ON for 
octane numbers above 100: 


PN — 100 
ON = 100 4 = 
(6) 
After following the mechanics of the previous derivation, 
we arrive at the cost Equation (3) which defines incre- 
mental octane-improvement costs for octane numbers 
above 100. 
Average Research and Motor octane-improvement 
costs for premium and regular gasolines covering 1958 
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FIGURE 31—On a Motor octane basis, overlapping of im- 

provement costs is greater than on a Research basis. 
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FIGURE 32—Additional Research octanes can be gained for 

the gasoline samples by increasing their TEL content to the 

maximum permissible. In 1959, the maximum was increased 

from 3.0 to 4.0 ml per gallon. 
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FIGURE 33—The gasoline samples taken in 1959 exhibited 
these octane increases when their TEL concentrations were 
upped to 3.0 ml per gallon. 
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FIGURE 34—These distribution curves will let you see the 
additional Motor octanes which can come from more TEL. 
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FIGURE 35—RON gain when TEL concentration is upped 
to 4.0 ml. 
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FIGURE 36—MON gain when TEL concentration is upped 
to 4.0 ml. 


through 1960 are summarized in Table 10. In the fall 
of 1960, the average TEL costs for octane improvement 
were 8.5¢/RONB and 6.6¢/MONB for premium gaso- 
line, and 4.4¢/RONB and 4.2¢/MONB for regular 
gasoline. 

It is interesting to note that, in practically all cases, 
TEL octane-improverment costs are lower on the Motor 
octane basis than on the Research octane basis. This is in 
contrast to the costs of obtaining octane numbers by in- 
creasing reformer severity, where Motor costs are higher 


than the Research costs. This is a good point to remem- 


ber in today’s sensitivity-conscious industry. 


Trends in Research octane-improvement costs using 
TEL are presented graphically in Figure 29. Here we see 
that octane-improvement costs steadily increased up to 
1957 and then began to decrease. Today, octane- 
improvement costs by TEL addition in the gasoline pool 
are about 12 percent lower than the peak in 1957. With 
the current price of TEL lower than any price indicated 
in Figure 29, the octane-improvement costs associated 
with TEL addition are extremely competitive with to- 
day’s processing. 

Distribution curves of 1959 Research and Motor cost 
data are presented in Figures 30 and 31, respectively. 
For 1959 Research octane-improvement cost, Figure 30 
shows that there is considerable over-lapping between the 
costs of improving premium gasoline and the costs of 
improving regular gasoline. If we again eliminate the 
terminal 5 percent fractions, costs vary from 2.5¢/ 
RONB on the regular curve to 13.5¢/RONB on the pre- 


mium curve. 


Octane Numbers Remaining. Of considerable interest 
is the additional antiknock quality obtainable by increas- 
ing TEL from the “as-received” concentration to the 
maximum concentration. The 4th milliliter of TEL be- 
came available in 1959, thereby increasing the octane 
number potential due to TEL. The 1960 fall data aver- 
ages show about a 3.2 RON and a 3.3 MON additional 
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FIGURE 37—All gasolines can exhibit higher octanes by virtue 
of the increase in maximum permissible TEL concentration. 
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FIGURE 38—A greater octane increase is possible on a 
Motor octane basis than on a Research basis. 


gain in regular gasoline by increasing TEL concentration 
to the maximum. Premium gasoline averaged 1.6 RON 
and 1.8 MON additional gain in going to 4.0 ml/gallon. 
The trend in the Research octane number gain from “as- 
received” to maximum TEL is presented in Figure 32. 
Since distribution curves of remaining octane numbers 
serve many useful purposes, they are included in this re- 
port. The 1959 octane gain data have been plotted for 
both the Research and Motor methods on three bases: 
(1) ‘‘as-received” to 3.0 ml TEL in Figures 33 and 34, 
(2) “as-received” to 4.0 ml TEL in Figures 35 and 36, 
and (3) 3.0 ml TEL to 4.0 ml TEL in Figures 37 and 38. 
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Alkylation 


Many of the original alkylation units were built during 
World War II for the production of military aviation 
gasoline. After the war, commercial aviation flourished 
and aviation gasoline continued to be the largest con- 
sumer of alkylate; however, some alkylate was finding 
its way into motor gasoline. Today, the aviation fuel 
picture is changing; jet fuel is becoming more promi- 
nent and the demand for aviation gasoline is decreasing. 
At the same time, the refiner has found alkylate offers a 
blending component which materially improves the 
Motor and road octane numbers of his gasoline. Thus, 
attention has been turned to alkylation as a competitive 
octane-improvement process. 


Butylene Alkylation. The alkylation of butylene and 
isobutane, using either sulfuric or hydrofluoric acid cata- 
lysts, is the most common application of the alkylation 
process. Assuming the alkylate is a straight addition to 
the gasoline pool, the octane improvement and economics 
can be calculated as shown in Table 11. Here, we are 
calculating the effect of adding 3,000 b/d of alkylate 
having 104.4 RON and 104.8 MON at 3.0 ml TEL, with 
in investment cost of $700/barrel of alklyate. As indi- 
cated in Table 11, about 26,500 RONB and 54,400 
MONB of octane improvement are obtained. 


Octane - Improvement Cost ,¢/ONB 


ii eh Bel ek 2 
200 400 600 
Investment Cost, $/Barrel Product 


FIGURE 39—The base case can be tailored to a specific capi- 
tal investment situation. 
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TABLE 11—Butylene Alkylation 


Investment Cost: $700/bbl alkylate 


Research 
OLN, 
Rvp, | @ 3.0 ml 
Effect on Gasoline Pool > psi TEL 








Add alkylate............ ms 4.0 | 104.4 
Adjust butane... oud | 60.0 100.7 


Net Effect...... atetiae ae 10.0 104.0 








Octane-Improvement 
RONB = (3,360) (104.0—96.1) = 26,500 
MONB = (3,360) (104.2—88.0) = 54,400 





Economics Bbls. 


Credits 
Gasoline. . . ; .--| 8,360 
Debits 
Butylenes. spisatae base | 1,744 
Isobutane vie died ahaa ane | 1,988 
Butane..... Piearae Wc ail 360 
TEL (3 ml/gal.)..... = 3,360 
Utilities & Catalyst. ... ‘ 3,000 
eee ee 3,000 
PD tonaccen’s 40s 3,000 
eee 











(i aw 19,879 





Octane-Improvement Cost 
(Debits—Credits) (100) 


Octane Improvement 


= 12.2¢/RONB, 5.9¢/MONB 








The Reid vapor pressure and octane values of the 
gasoline pool are based on the average U.S. gasoline. The 
physical values used for butane differ from those used 
in the Reforming section—these are for normal butane 
whereas those in the Reforming section apply to a mix- 
ture of isobutane and normal butane produced by the 
reformer. Blending octane numbers have been used for 
the normal butane. The Reid vapor pressure and octane 
numbers used for the alkylate are an average of labora- 
tory values reported in the literature during the last few 
years. 

The economics are straightforward—a credit is taken 
for the gasoline produced and the process is debited for 
the cost of raw materials and operating costs. The 
11.8¢/gallon value for gasoline is used for all components 
entering the gasoline pool. This is based on the assump- 
tion that the premium-to-regular ratio is not changed as 
a result of the alkylate addition and, therefore, the value 
of the gasoline pool does not change. The result is 
octane-improvement costs of 12.2¢/RONB and 5.9¢/- 
MONB. 

In order to make this calculation adaptable to as many 
situations as possible, Figures 39 through 42 have been 
provided to show the effects of investment cost, alkylate 
blending octane numbers, and raw material costs. 

The effect of capital investment on octane-improve- 
ment cost for a range of investments from 0 to 1,200 
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$/barrel of alkylate is shown in Figure 39. This should 
allow the basic case to be fitted to situations ranging 
from processing marginal barrels, where no investment is 
involved, to uses where isobutane is in short supply and 
it is necessary to construct butane isomerization facilities 
as well as an alkylation unit. As shown in Figure 39, 
capital plays an important role in the economics of 
alkylation. 

With respect to octane numbers, our experience indi- 
cates that alkylates, particularly super alkylates, will 
blend at octane numbers below their laboratory rated 
values. This is especially true for Motor ratings. The 
blending number can vary considerably depending on the 
stocks with which it is blended. Figures 40 and 41 pro- 
vide corrections for the octane-improvement cost for the 
blending octane numbers applicable to a particular situa- 
tion. No corrections have been provided to handle octane 
numbers differing from those shown for the gasoline pool 
or butane. However, these corrections can be readily 
computed by substitution in the example calculation. 

The operating costs and butylene and isobutane re- 
quirements used in Table 11 are an average of data re- 
ported in the literature. The economic values attached to 
gasoline, butylene, and isobutane exert considerable in- 
fluence on the octane-improvement costs. In order to 
facilitate correction for values differing from those used 
in the example, Figure 42 has been provided. 

In most cases, it will probably be necessary to apply 
more than one correction to the basic case. In that event, 
it is suggested that the ratio of the new octane-improve- 
ment cost to the cost shown in the example be used as a 
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FIGURE 40—The blending number of butylene alkylate at 
3.0 ml TEL per gallon can vary considerably depending upon 
the stocks with which it is blended. 


aot 


a 
] 


psy 
or 
©| 

| 


i Sen: . | 1 [a 
100 101 102 103 104 105 


Alkylate Blending Motor Octane Number 


Octane-improvement Cost,¢/MON 


FIGURE 41—The cost for an increase in Motor octane is not 
as great as on a Research basis. 
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FIGURE 42—These data can be converted to a Research octane basis by using the following formula: 


¢/RONB = (2.05) (¢/MONB). 
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FIGURE 43—Two cases for propylene alkylation are com- 
pared here. 
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FIGURE 44—These data for propylene alkylation assume a 
TEL concentration of 3.0 ml per gallon. 
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FIGURE 45—These costs are based on the Motor octane 
method. 
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FIGURE 46—Research octane costs can be figured by using 
the equation: ¢/RONB = (3.79) (¢/MONB). 


“correction factor.” For example, suppose that all of the 
data in the basic case applied except that the investment 
cost is $500/barrel of alkylate and the Motor octane 
blending number is 100.0. The ¢/MONB is 4.9 at $500 
investment cost and 8.7 at 100.0 Motor octane blending 
number. Thus, the resultant octane-improvement cost is: 


: ( 1.9 ) ( 8.7 
SOE a 
5.9 5.9 


The addition of alkylate in a volume such that it be- 
comes an appreciable percentage of the pool can sub- 
stantially increase the pool octane level. This could 
allow purchased components to enter the pool in a lesse1 
volume, or components such as reformate can enter the 
pool at a lower octane number. It has been left to the 
individual refiner to evaluate this effect for his own par- 
ticular situation, since credits and debits for such manip- 
ulations can be handled in a variety of ways. 


) = 7.2¢/MONB 


Propylene Alkylation. The alkylation of propylene has 
become increasingly popular with the recent emphasis 
on Motor and road octane numbers. Much of the pro- 
pylene alkylation carried out today has come about at 
the expense of polymerization, which heretofore was the 
prime consumer of propylene. Alkylation yields about 
2.7 times as much gasoline as polymerization does on the 
same amount of propylene charge. Also, although the 
alkylate and polymer are comparable in Research octane 
number, the alkylate has an appreciably higher Motor 
octane number than does the polymer. Replacing poly- 
mer with alkylate also reduces the olefin content of gaso- 
line and increases the saturate content. 


The alkylation of propylene is often carried out in ad- 
mixture with butylenes. However, to simplify the calcu- 
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FIGURE 47—For propylene alklation under case 3, use this curve. To convert to a Research basis 


¢/RONB = (2.74) (¢/MONB). 


lations we are handing this study as though we were 
alkylating propylene alone, and are covering three cases. 


Case 1—Polymerization Unit Shutdown. Table 12 
shows a calculation where a polymerization unit is shut 
down and the propylene charge is alkylated in an existing 
alkylation unit which is expanded and revamped to 
handle the propylene. It is assumed that a capital ex- 
penditure of about $350/barrel of propylene alkylate 
is required. The polymer unit which is shut down is as- 
sumed to be fully depreciated. Thus, the polymer unit 
fixed charges, which can be credited to alkylation, consist 
only of maintenance, insurance, and taxes. In a case 
where the polymer unit is not yet fully depreciated, the 
fixed charges will be greater; when credited to alkylation, 
these will decrease the alkylation octane-improvement 
costs. In our example, the octane-improvement costs for 
alkylation are calculated to be 17.6¢/RONB and 4.7¢ 

MONB. If 10 percent depreciation had been included in 
the polymer unit credits, these costs would have been de- 
creased by 2.3¢/RONB and 0.6¢/MONB. 

The $350/barrel capital investment is strictly arbitrary 
in our example. This investment cost will vary, of course, 
depending on the amount of revamping that is necessary 
on an alkylation unit. It might even be necessary to con- 
struct a new unit. Figure 43 shows the effect of capital 
investment on octane-improvement costs. The solid line 
on this figure applies to the case under discussion. 


Average laboratory octane numbers were used for the 
polymer gasoline and alkylate because the blending 
octane numbers can vary considerably, depending on the 
components with which they are blended. The polymer 
gasoline will generally blend at a Research octane num- 
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ber greater than its laboratory value (this can be sub- 
stantially greater), while the blending octane number for 
the alkylate could be either slightly greater or slightly less 
than its laboratory value. On the other hand, the blend- 


TABLE 12—Propylene Alkylation—Case 1 


Basis: Polymer unit shut down; C: alkylate replaces polymer gasoline in the 
pool; capital investment required is $350/barrel alkylate. 


] 

| Research 

O.N. O.N. 

@ 3.0 ml| @ 3.0 mi 
TEL TE 


Motor 


RVP, 
Effect on Gasoline Pool > psi 











Remove polymer gasoline | 2.0 
Add alkylate a. 4.0 
Adjust butane 98 60.0 

Net Effect 10.0 





Octane-Improvement 
RONB = (1,128) (102.2—96. 
MONB = (1,128) (111.1—88. 


6,863 


1) = 
0) = 26,016 





Economics Bbis. 
Credits 
Gasoline ‘ 
Poly Operating Cost 
Utilities & Catalyst 650 
Labor Joudas ‘ 650 
Royalty 650 
Main., Ins., & Taxes 650 





1,128 


Total 
Debits 

Isobutane... . 

Butane 

TEL (3 mil/gal.) 

Alkylation operating cost 
Utilities & Catalyst. 
Labor bee 
Royalty. 
Fixed charges 


Total 





Octane-Improvement Cost 
(Debits—Credits) (100) 
- = 17.6./RONB, 4.7 


a MONB 
Octane Improvement 
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TABLE 13—Propylene Alkylation—Case 2 


Basis: Incremental Cs olefin backed out of polymer unit and charged to the 
alkylation unit; polymer unit remaining in operation; no capital invest- 
ment required. 








Effect on Gasoline Pool gid 
Same as Case 1 except volumes are 10 percent of those in Case 1. 





Octane Improvement 
RONB = (112.8) (102.2—96.1) 
MONB = (112.8) (111.1—88.0) 





Economics " f $ 





Credits 
Gasoline ; . : 2. } 11.8 
Poly operating cost 
Utilities & Catalyst ty 14.6 9.50 
Royalty | 5S 21.0 


559.00 


Isobutane 8.0 ¢ gal. 
Butane. . aa : 8 6.0  ¢/gal. 
TEL (3 ml/gal.) 2.8 0.2023 ¢ =) 
Alkylation opera ating cost 
Utilities & Catalyst 90.0 
15. 0 


¢/bbl 
Royalty. 


¢/bbl 


Total 








Octane-Improvement Cost 
(Debits- Credits) (100) 


= 10.4¢/RONB, 2.8¢/MONB 
Octane Improve ment 





ing Motor octane number for a polymer gasoline can be 
either greater or less than its laboratory rating, and the 
alkylate will generally blend at a value lower than its 
laboratory rating. The effect of the blending octane num- 
ber of these components on the octane-improvement cost 
is shown in Figures 44 and 45. 

To illustrate the amount that the investment cost and 
component blending octane numbers can influence the 
octane-improvement costs, 
situations. 


let us examine two extreme 


@ Alkylation investment cost is $1,000/barrel of alky- 
late, the polymerization unit has been fully depreci- 
ated, the alkylate blends at 98.0 MON, and the 
polymer blends at 86.0 MON. 


Alkylation investment cost is $100/barrel of alkylate, 
the polymerization unit has not been fully depreci- 
ated, the alkylate blends at 102.0 MON, and the 
polymer blends at 82.0 MON. 


In the first case, the Motor octane-improvement cost 
would be: 


9.2 6.3 
.7){ —— —_—_—__ J = 3¢ I 
(4 ( 47 )( 47 ) 12.3¢/MONB 


In the second case, the Motor octane-improvement cost 
would be: 


$7 4.3 
4.7 — O65 <n i —. 1== $00 N 
( ( 47 )( re ) 3.0¢/MONB 


Thus, the Motor octane-improvement costs for these cases 
were respectively 262 percent greater and 36 percent less 
than the cost in the illustrative example in Table 12. 


These situations did not include the effects of gasoline 
and isobutane prices on octane-improvement costs. These 
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Octane- Improvement Cost, ¢/ RONB 


i i i 


98 99 100 101 102 
Alkylate Blending Research Octane Number 
FIGURE 48—For case 3, the sample calculation assumes the 


propylene alkylate has a Research blending octane number 
of 101. 


100 101 “102 
Alkylate Blending Motor Octane Number 


Octane-improvement Cost,¢g/MONB 


FIGURE 49—Corrections from laboratory to blending octanes 
for propylene alkylate will be less than for butylene alkylate. 


¢/MONB 


Octane Improvement 
Cost, 


ars | 
600 800 1000 


Investment Cost, $/BbI. Alkylate 


FIGURE 50—When marginal capacity is available for 
amylene alklation, the investment becomes zero. 


variables were excluded for the sake of simplicity, how- 
ever, Figure 46 has been provided to allow correction of 
the improvement costs for these prices. 


Case 2—Polymerization Unit Slowed Down. This 
case differs from Case 1 in that incremental barrels of C; 
olefins are removed from the polymerization unit feed 
and processed in the alkylation unit with no capital in- 
vestment required. Thus, the polymerization unit remains 
in operation and the only operating costs being consid- 
ered are the royalty, utilities, and catalyst. Table 13 shows 
an illustrative example of this case. 
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TABLE 14—Propylene Alkylation—Case 3 


Bases: Incremental Cs olefin charged to revamped alkylation unit; polymer 
unit not site investment cost is $350/bbi alkylate. 








Research | Motor 
O.N. O.N. 
3. @ 3.0 ml 

Effect on Gasoline Pool is : TEL 





Add alkylate Jil seca soa 68 ‘ . 101.6 
Adjust butane. . . 2 y i 99.1 





Net effect . | “101.3 








Octane Improvement 
RONB = (1,882) (101.0—96.1) = 9,165 
MONB = (1,882) (101.3—88.0) = 25,087 





Economics Bbls. 


Credits 
Gasoline. . Sieh Mew swt 1,882 11.8 ¢/gal. 9,327 
ebits 
Propylene. . -_ meee 1,000 7.0 ¢/gal. 2,940 
Isobutane... EN 1,260 8.0 ¢/gal. 4,234 
Butane. . i ; Bex 202 6.0 ¢/gal. 509 
TEL (3 ml/gal.). . dcteninwube 1,882 0.2023 ¢/ml 480 
Utilities & Catalyst : 1,680 90. 0 ¢/bbl. 1,512 

aide 1,680 . ¢/bbl. 114 

Roy | TREE 1,680 15.0 ¢/bbl. 252 

Fixed chz urges > eee 68 35.48 ¢/bbl. | 596 


Value 











Total.... . ‘ | | 10,637 





Octane-Improvement Cost 
(Debits Credits) (100 


14.3¢/RONB, 5.2¢/MONB 
Octane Iinprove ment 


TABLE 15—Amylene Alkylation 


Basis: Incremental Cs olefins removed from the gasoline pool and charged to 
the alkylation unit, no investment costs required. 


Research | Motor 
A, . N. oN 


Rvp, 
Effect on Gasoline Pool Bbls. psi 


4 a 





Remove Cs olefins (60.6) | 15.0 99.9 | 85.3 
Add alkylate. ; 100.0 5.0 | 101.5 | 102.0 
Adjust butane } 16.1 60.0 | 100.7 } 99.1 
| 


Net effect . | 55.5 | 10.0 103.0 


Octane-Improvement 
RONB = (55.5) (103.0—96.1 
MONB = (55.5) (119.4—88.0 


Economics 


Credits 
Gasoline. . 11.8 ¢/gal. 
Debits | | 
Isobutane. .... TTT 53. 8.0 ¢/gal. 
Butane . aoc s 6.0 ¢/gal. 
TEL (3 ml/gal. 0.2023 ¢/ml | 


Value 





° WwW 
J 
r=) 
a 


— > 
Sum O90 
NO 


min sy 


Ser 
oon 


Utilities & Catalyst "") y00. 65.0 ¢/bbl 
Royalty... ae | 100.0 15.0 ¢/bbl 


Total j Tt er a | 


Octane-Improvement Costs 
(Debits—Credits) (100 

-—-_——— — = 19.1¢/RONB, 4.3¢/MONB 

Octane Improvement 


The octane-improvement costs for this case are 59 
percent of those calculated in Case 1. To correct costs 
for Case 2 due to variations in blending octane numbers 
and the values of gasoline and isobutane, the octane- 
improvement costs from Figures 44, 45 and 46 should be 
multiplied by 0.59. 


Case 3—Polymerization Unit Not Affected. This 
case considers the situation where the propylene charge 
for alkylation comes from elsewhere than the polymer 
unit. The propylene charge may be secured by better 
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| Parameters: 
| Isobutane Value, 
€/Gol. 





anes 

Gasoline Value, ¢/ Goal. 
FIGURE 51—The values of isobutane and finished gasoline 
play an important part in determining alkylation cost. To 
convert a Research basis, use ¢/RONB = ($4.54) (¢/MONB) 


Octane-improvement Cost,¢/MONB 


en 
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Octane Improvement Cost, ¢/RONB 


Porameters 
Amylene Blending 
Research O.N 


99 100 10! 102 103 
Alkylate Blending Research Octane Number 


FIGURE 52—The point shown here is for the sample cal- 
culation given in Table 15. 
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Amylene Blending 
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Octane-Improvement Cost, ¢/MONB 


4 A 4 4 
99 100 10! 102 
Alkylate Blending Motor Octane Number 


FIGURE 53—Motor octane-improvement costs vary less than 
do ones figured on a Research basis. 


recovery within the fuel system, from LPG sales, or even 
by outright purchase. Of course, the source will determine 
the value that will be assigned to the propylene when 
studying the economics. Table 14 considers the economics 
of alkylation when additional propylene is available at 
7.0¢/gallon. As in Case 1, it is assumed that an existing 
alkylation unit is revamped and costs about $350/barrel 
of propylene alkylate; also, Figure 43 permits correcting 
the computed costs to any other investment cost. For this 
situation, Table 14 shows the octane-improvement costs 
for alkylation are about 14¢/RONB and 5¢/MONB. 
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Figure 47 provides correction for the effects of eco- 
nomic values of propylene, isobutane, and gasoline other 
than those used in Table 14. Consider the situation where 
additional propylene is recovered from the fuel system 
so that, after any debits are taken for this operation, the 
propylene has a value of about 3.0¢/gallon. Then, the 
octane-improvement cost of alkylating these olefins be- 
comes negative, indicating a profitable operation. The 
operation is even more profitable if capital investment is 
not required on an existing alkylation unit to handle 
these olefins. It is apparent that octane-improvement costs 
for alkylation vary considerably. 

The effect of blending octane numbers on octane-im- 
provement costs are shown in Figures 48 and 49. The 
laboratory octane numbers of propylene alkylate are lower 
than those of butylene alkylate. On a blending-octane- 
number basis, the difference between these two would be 
expected to diminish. Although the correction from 
laboratory to blending values will normally be in the 
same direction, the propylene alkylate will be subject to 
less correction. 


Amylene Alkylation. The alkylation of amylene has 
been considered from the viewpoint of including some of 
this material in the debutanizer overhead. Although con- 
siderable isopentane (and possibly some normal pentane) 
are included, there is really only an exchange of amylene 
alkylate and butane for the C; olefins in the gasoline pool. 


Table 15 shows an illustrative calculation of the octane 
improvement and the economics for amylene alkylation 
assuming marginal capacity is available in an existing 
alkylation unit. Under these circumstances, no capital in- 
vestment is required, and the economics can be attractive 
on a Motor octane number basis (about 4¢/MONB). 
On the other hand, Research octane-improvement costs 
are high (about 19¢/RONB). The octane numbers and 
Reid vapor pressure used for alkylate in the example do 
not reflect the inclusion of any normal or isopentane with 
the alkylate, since the mixed olefins shown do not include 
them. 

As more amylenes are taken overhead, it will probably 
be necessary to invest capital for such things as increased 
debutanizer reboiler capacity, increased debutanizer over- 
head condenser capacity, and/or revamping of existing 
alkylation facilities. If appreciable amounts of amylene 
are included, a depentanizer will have to be considered. 
The attendant increase in utilities required to separate 
the amylenes will also have to be included in the eco- 
nomics. Figure 50 shows the effects of such investment 
costs on the octane-improvement costs. The effects of 
variations in gasoline and isobutane values are shown in 
Figure 51. 

The effects of the alkylate and amylene blending 
octane numbers on the octane-improvement costs are 
shown on Figures 52 and 53. Here, as for butylene and 
propylene alkylation, the Motor octane-improvement costs 
vary less than do Research octane-improvement costs for 
a given change in the blending octane number. 


lsomerization 


Isomerization is another process available to the refine1 
as a means of increasing the octane number of a gasoline 
component. Thus, it merits consideration here. In con- 
trast to the processes previously discussed, isomerization is 
a “simple” octane-improvement process. That is, there is 
no accompanying change in hydrocarbon type, no pro- 
nounced change in volume, and no radical change in the 
distillation characteristics. 

Although we may refer to isomerization as a “simple” 
process, the analysis of this process becomes complex as 
the paraffin chain grows beyond butane and pentane. 
With butane and pentane isomerization, we only have to 
contend with simple isomers; with hexane and heptane, 
there are numerous isomers. The user of isomerization 
must face the question of when, and to what degree, frac- 
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FIGURE 54—The cost for improvement is figured at a TEL 
concentration of 3.0 ml per gallon. 
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tionation should be installed. With fractionation included, 
isomerization becomes a utilities consumer to such an 
extent that the cost of utilities plays an important role 
in the justification of isomerization. 


Of course, fractionation is not the only means available 
to the refiner for separation. Molecular sieves offer 
another means of separating iso and normal paraffins, 
and can compete with fractionation depending on the 
utilities situation. Molecular sieves in themselves can be 
considered an octane-improvement process if the low- 
octane normal paraffins that are separated are not put 
back into the gasoline pool. The alternate value of the 
normal paraffins defines the octane-improvement costs. 
This section, however, is restricted to an analysis of 
isomerization with fractionation. 


There are not many actual operating data available on 
isomerization, since the process is not widely employed at 
present. The basic data used in conjunction with our 
economic analysis are based on averages of data reported 
by licensors in the literature. In order to simplify the 
handling of isomerization, the following three situations 
are considered: 


@ Pentane isomerization with recycle 


@ Hexane isomerization, once-through operation. 
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@ Pentane-hexane isomerization, recycle pentane, and 
once-through hexane operation. 


The isomerization of butane is not included, since iso- 
butane is normally not used as a gasoline component. On 
the other hand, heptane isomerization is excluded because 
it becomes extremely complex. This material is generally 
processed as a catalytic reformer charge. 


In this section, we will see that the adjustment of 
octane-improvement costs for blending octane numbers 
can make one situation appear much better than another. 
Although both the isomerization feed and the isomer 
products are low-sensitivity saturates, laboratory octane 
numbers (both Research and Motor) range from the 
low 80’s for the hexane feed to over 100 for the pentane 
isomers. This range of octane numbers can substantially 
affect the differences between the laboratory and blend- 
ing octane numbers for the individual components, and 
thus affect the octane-improvement costs. In general, the 
use of blending octane numbers will increase the octane- 
improvement costs. 


Pentane Isomerization. An analysis of pentane iso- 
merization when an investment cost of $450/barrel of 
feed is required is shown in Table 16. As indicated in the 
table, processing 1,000 barrels of normal pentane has the 
effect of removing 111.2 barrels of gasoline having a Re- 
search octane number of —76.8 and a Motor octane 
number of —91.5. This means of accomplishing octane 
improvement is in direct contrast to that of alkylation 
where there is an addition of high Research and Motor 
octane gasoline. The rest of the table is similar to pre- 
ceding tables and should require no further explanation. 


TABLE 16—Pentane Isomerization 


Basis: Normal pentane removed from the gasoline pool and the isomer is 
added back; recycle Cs operation; investment cost of $450/bbi of mixed 
feed. Mixed Cs’s were assumed to contain 40% isomer; thus fresh feed 
to the process is 67% greater than normal pentane fresh feed. 


Research Motor 
O.N O.N 


Rvp, | @ 3.0 ml | @ 3.0 mi 
Effect on Gasoline Pool “ psi TEL TEL 





Remove normal C5 (1, 16.2 | 84.7 84.2 
Add Isomer 983 | 21.1 104.5 105.5 
Adjust Butane | (94.2 60.0 100.7 99.1 

Net Effect. : (111.2 10.0 (76.8 91.5 





Octane-Improvement 
RONB = (—111.2) (—76.8—96.1) = 
MONB = (—111.2) (—91.5—88.0) = 


| 


Economics 





Credits a 
Fuel gas production ¢/M Btu 7.00 
Butane production . ¢/gal. 32.00 
Butane removed from pool | 94.: ¢/gal. | 237.40 
TEL (3 ml/gal. gasoline removed ¢/ml 28.30 


304.70 


Gasoline decrease ¢/gal. 551.10 
Utilities and catalyst | : ¢/bbl 
Labor and supervision 37 | ¢/bbl 
Royalty... Saar | 0.5 ¢/bbl 
Fixed charges. 47 44.39 ¢/bbl 


ROMRsse uss ; 2015.40 





Octane-Improvement Cost 

(Debits—Credits) (100) 

———_——————- = 8.9¢/RONB and 8.6¢/MONB 
Octane Improvement 
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FIGURE 55—When pentane is converted to its isomer, an 
octane improvement is accomplished. 
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FIGURE 56—Octane-improvement costs can be adjusted for 
various levels of blending octane numbers. 
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Investment Cost, $/ Barre! Charge 


Octane -improvement Cost,¢/ONB 


FIGURE 57—The isomerization of hexane is more complex 
than pentane isomerization. 


In this situation, the calculated octane improvement costs 
are 8.9¢/RONB and 8.6¢/MONB. 

It can be noted that utilities are a big item, approxi- 
mately $500 per 1,000 barrels of normal pentane charge. 
It will be recalled that we are using 30¢/M Btu fuel in 
our illustrations. If we consider a Gulf Coast situation 
where fuel is cheaper, and at the same time exclude 
return on investment on the basis that we are considering 
incremental barrels of feed, we can arrive at costs as low 
as 6¢/ONB. The effect that capital investment has on 
costs for this situation is shown in Figure 54. 

To permit adjustments of the octane-improvement 
costs for various levels of blending octane numbers, 
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FIGURE 58—These costs assume a one-through isomerization 
of hexane. 
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FIGURE 59—The octane ratings shown here were measured 
at 3.0 ml TEL per gallon. 
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FIGURE 60—Pentane-hexane isomerization is essentially a 

combination of the two situations discussed earlier. 


Octane-improvement Cost, ¢/ONB 


Figures 55 and 56 are included. The isomer would 
normally be expected to blend at some Research and 
Motor octane level below the laboratory octane numbers. 
Blending Research octane numbers of the n-pentane feed 
will normally be greater than the laboratory values. It is 
difficult to generalize on the Motor blending number of 
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TABLE 17—Hexane Isomerization 
Basis: Mixed hexane fraction removed from, and the isomer returned to, the 
gasoline pool; once-through Ce operation; investment cost of $335/bbI of 
charge. 








Research 
O.N 


@ 3.0 ml 
Effect on Gasoline Pool . TE 














Remove Ce Se Rigs seo alas ; _ 83.4 | 84.4 
Add isomer... . Gite es 972 3. 91.4 91.6 
Adjust butane ic : 27.8 50. 100.7 99.1 


Net effect 








Octane- Eenpeovement 
RONB = ( 8) (—47.4—96.1) = 8,005 
MONB = 55.8) (—33.7—88.0) = 6,790 





Economics Bbls. Value 





Credits . | 
Fuel gas production .. 5.5 | 30 ¢/M Btu | 29.30 
Butane production - jf 6.0 ¢/gal. 
Butane removed from pool... 27.8 | 6.0  ¢/gal. 
TEL (3 ml/gal. gasoline removed) 5.8 0.2023 ¢/ml 


Total 
Debits 
Gasoline decrease . ; ‘ 55.8 : gal. | 276.50 
Utilities & catalyst : 27. bbl 270.00 
Labor & supervision ‘ 9. bbl | 90.00 
Royalty... ‘ re i 5. bbl | 55.00 
Fixed charges.............. 33. bbi | 330.40 





Total.. Removed | 1,021.90 


Qadiani Costs 
Debits Credits (100) 
= 11.1¢/RONB, 13. MONB 


Octane Imps ovement 


TABLE 18—Pentane-Hexane Isomerization 


Basis: Pentane-hexane removed from the light straighrun fraction and the 
isomer returned to the gasoline pool; recycle Cs and once-through Cs 
operation; investment cost of $375/bbi of —— 


| 
a | Research Monee 
| -N. ).N. 
| | | @ 3.0 ml/| @ 7 0 mil 
Effect on Gasoline Pool | Bbls. psi | TEL TEL 





Remove Cs-Ce ..| (1,000) | 10.0 | 87.5 88.1 
Add isomer RT NCS oe a eee 96.0 96.6 
Adjust butane (37.2 60.0 | 100.7 | 99.1 

Net Effect fe nduidd (59.2) | " (44.6 (45.4) 


Octane-Improvement 
RONB = (—59.2) (—44.6—96.1 
MONB 59.2) ( 5 


Economics Value 





Credits 3 
Fuel gas production. ..... } 5 30 ¢/M Btu 20.10 
Butane production. .... a 6.0 ¢/gal. | 17.90 
Butane removed from pool. d 37.2 6.0 ¢/gal. 93.70 
TEL (3 ml/gal. gasoilne removed 59.2 0.2023 ¢/ml 15.10 
Total.... ase | | 146. 80 
Debits 
Gasoline decrease ete eewabaes 59. 8 gal. 293.40 
Utilities & catalyst............. 28.0 bbl 280.00 
Labor & supervision............. J bbl 70.00 
Royalty.. steal eA miasanecba §. bbl 55.00 
Fixed charges....... : | 36.96 bbl 369.90 





Total ; ocpiaal | 1,068.30 


Octane-Improvement Costs 
( (De *bits- —Credits) ( 100) 
—— = 11.1¢/RONB, 11.7¢/MONB 
Octane  Impre »vernent 


normal pentane—it could be either greater or less than 
the laboratory ratings. If the difference between the 
laboratory and blending octane numbers is the same for 
the isomer and the isomerization feed, the octane-im- 
provement costs will remain at the values shown in 


Table 16. 


HyprocaRBON ProcEssinc & PETROLEUM REFINER 





Parameters: 
Cs5-Cg Blending 
Research ON. 





Octane-Improvement Cost, ¢ /RONB 
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FIGURE 61—It is difficult to generalize on whether the Re- 
search blending values of pentane-hexane isomers will be 
greater or less than their laboratory ratings. 


Hexane Isomerization. The isomerization of hexane 
is more complex than pentane isomerization not only be- 
cause of additional isomers produced but also because 
there is considerable variation in the composition of avail- 
able C, charges. Equilibrium considerations are more 
important when considering once-through operation. It is 


possible to have a C, feed with iso and normal paraffins 
near equilibrium concentrations. In such a case, it would 


be impractical to isomerize without first removing the 
existing isomers. However, in our initial analysis of hexane 
isomerization, we are considering a simple case where a 
C,-rich stream from a Midcontinent crude is already 
available for processing. Since this will be a once-through 
operation, only a reactor section and a stabilizer need be 
constructed. Investment costs of $335/barrel of feed are 
assumed; this is less than that assumed for pentane iso- 
merization where a deisopentanizer was included. Varia- 
tions in investment cost are shown in Figure 57. No feed 
preparation equipment is considered, naphtha being as- 
sumed to be already stabilized and depentanized. 

The economics for the hexane isomerization situation 
are summarized in Table 17. Octane-improvement costs 
are calculated to be somewhat higher than for the recycle 
C; situation, being about 11¢/RONB and 13¢/MONB. 
As separation facilities are included (either fractionation 
or molecular sieves) to permit recycling for increased 
octane improvement, both capital investment and operat- 
ing expenses will increase. Since operating costs will 
increase faster than octane improvement, the unit costs 
indicated in Table 17 for hexane isomerization are prob- 
ably the lowest that could be expected for C, isomeriza- 
tion. It was for this reason that the above hexane iso- 
merization was used as an illustration. Feed preparation 
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FIGURE 62—For the Motor octanes, the isomers would be 
expected to blend lower than the laboratory ratings. 


investment also would add direct operating costs and 
additional fixed charges. 


Figures 58 and 59 are provided to show the effects of 
blending octane numbers on the octane-improvement 
costs for the simple’ hexane isomerization situation. The 
mixed hexane feed will most likely blend at some value 
greater than the laboratory value for both the Research 
and Motor ratings. The same is true for the isomer Re- 
search rating; however, the isomer Motor blending num- 
ber is likely to be close to or less than laboratory value. 


Pentane-Hexane Isomerization. Isomerization of 
mixed pentanes and hexanes on a recycle C; and once- 
through C, basis is essentially a combination of the two 
situations already illustrated, except that a depentanizer 
is added to separate the C;’s and C,’s in the reactor 
effluent. Therefore, a detailed discussion should not be 
necessary. Table 18 presents an analysis of isomerizing a 
35-65 volume percent mixture of pentanes and hexanes, 
as would likely be found in a Midcontinent naphtha. The 
pentane portion of the feed has been assumed to contain 
40 percent isomers, and the hexane fraction has been 
assumed to be 50 percent normal hexane. The effect of 
investment cost is shown in Figure 60. 


The effects of blending octane numbers on the octane- 
improvement cost are shown on Figures 61 and 62. For 
Motor octane number, both the C;-C, isomers and the 
mixed C;-C, feed would be expected to blend lower than 
the laboratory ratings, but with not quite as much debit 
as the C; isomer and its feed. It is difficult to generalize 
on whether the Research blending value of the C;-C, 
isomers will be greater or less than the laboratory rating. 
However, the mixed C;-C, feed should normally blend 
close to or greater than the laboratory octane numbers. 
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Hydrocracking 


Hydrocracking is a recently-offered catalytic process 
designed primarily to convert middle distillates to lower- 
boiling products. Since it can be used to process a variety 
of feed stocks, it potentially covers a wide range of re- 
finery situations. In processing fractions boiling above 
450° F, (e.g., light cycle oils or coker distillates), hydro- 
cracking functions in a profitable role as a cracking 
operation and must be balanced with catalytic cracking. 
When applied as a cracking operation, the gasoline pro- 
duced may or may not have to be improved before being 
allocated to the gasoline pool. Therefore, octane improve- 
ment may or may not need to be considered. 


On the other hand, if hydrocracking is employed with 
reforming to upgrade the octane rating of a heavy gaso- 
line, it functions as an octane-improvement process. It is 
believed that the justification of the hydrocracking 
process to the refiner will be as a cracking process rather 
than as an octane-improvement process. Once justified, 
however, any spare capacity on a unit will lend itself to 
use for octane improvement. 


In this section of the report we will consider hydro- 
cracking in an octane-improvement role. The processing 
of the bottom 15 percent of catalytically cracked gasoline 
will be considered. Feed characteristics were assumed to 
be as shown in Table 19. Some refiners process a similar 
fraction directly in reforming. In this case, however, the 
material being considered is higher boiling than is desir- 
able for a reformer feed. The yields are shown on the 
example calculation tables. 





Table 19—Hydrocracker Feed 
Gravity, °API 33 
ASTM Distillation, °F 
IBP 


EP 450 
Reid Vapor Pressure, psi 0.3 
Research O. N. (clear 84.0 
Motor O. N. (clear) 

Hydrocarbon Type, Vol. % 

Saturates 34 

Olefins 10 

Aromatics 





This section has been divided into two cases. The first 
considers hydrocracking alone, and the second includes 
reforming the heavy hydrocracked gasoline. The reform- 
ing case is included because this heavy hydrocracked gas- 
oline (180° F IBP) is an excellent reforming charge 
stock. Because this is a relatively new process, there is not 
a great deal of operating data available. The yields, 
physical data, and operating costs used here have been 
taken from the few sources that are available. 


Hydrocracking. This case assumes the processing of 
1,000 barrels of heavy FCC gasoline at an investment of 
$700/barrel of charge as shown in Table 20. The effect 
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TABLE 20—Hydrocracking 


Basis: Heavy FCC naphtha (15% bottoms) is charged to the hydrocracking unit; 
capital investment of $700/bb! of charge. 





Researcn 
O.N 


@ 3.0 ml! | @ 3.0 ml 
TEL TEL 


Motor 
O.N 


Effect on Gasoline Pool 





Add light hydrocracked gaso. fe ; 100.0 
Add heavy hydrocracked gaso. : 94.2 
Adjust butane ; (96. , 100.7 


Remove heavy FCC naphtha (1, t 92.5 | 83.5 


Net effect 56.4 77.7 


Octane-Improvement 
RONB = (—156.9) (77.7—96.1) = 2,887 
MONB = (—156.9) (52.8—88.0) = 5,523 


Economics Bbis. Value 
Credits 
Gas production 40.2 
Isobutane production 140.0 8.0 ¢/gal. 
Butane production 58.0 6.0 ¢/gal. 146.20 
Butane removed from pool 96.9 6.0 ¢/gal. 244.20 
TEL (3 ml/gal. gasoline removed 156.9 0.2023¢/ml 40.00 





30.0 ¢/M Btu 76.00 
470.40 


Total | 976.80 
Debits 
Gasoline decrease 777.60 
Utilities & catalyst y 327.00 
Labor..... . 63.00 
Fixed charges 690.40 








Total ne 858.00 


Octane-Improvement Costs 
(Debits—Credits) (100) 
—_—__—_— - —- = 30.5¢/RONB, 15.94/MONB 
Octane Improvement 








on the gasoline pool is the same as removing 156.9 barrels 
having a Research octane number of 77.7 and a Motor 
octane number of 52.8. The distillation characteristics 
of the gasoline pool will be affected, since full-boiling 
hydrocracked gasoline is substituted for the heavy FCC 
naphtha. However, this may be partially or fully com- 
pensated for by the removal of 96.9 barrels of butane for 
Rvp control. 


Octane-improvement costs in the order of 30¢/RONB 
and 16¢/MONB are calculated. The effects that blending 
octane numbers have on these octane-improvement costs 
are shown in Figure 63 for Research octane number and 
Figure 64 for Motor octane number. These blending 
effects are somewhat complicated since the hydrocracked 
product is considered as two fractions. Coupled with the 
heavy FCC naphtha, this means that the blending octane 
numbers of three components must be considered. 

The heavy FCC gasoline and the heavy hydrocracked 
product would normally blend in premium and regular 
gasolines at octane numbers close to, or slightly below, 
the laboratory numbers for both the Research and Motor 
ratings. The blending Research octane number of the 
light hydrocracked product would likely be slightly below 
or close to the laboratory rating in premium gasolines, 
but well below in regular gasolines. The blending Motor 
octane number of this light material would normally be 
below the laboratory value in either regular or premium 
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Parameters: 
Lt. Hydrocracked Gasoline 
Blending Research O.N. 


Porameters: 
Hvy. Hydrocracked Gaso. 
Blending Research O.N. 


SS 





| 
| 
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Hvy. FCC Naph. Blending Research O.N. Octane -Ilmprovement Cost, ¢/RONB 
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FIGURE 63—The octanes of the charge and the products from hydrocracking have this effect upon 


the cost of octane improvement. 


gasolines (it could be well below in regular gasolines) . 
Thus, it is almost mandatory that the light hydrocracked 
gasoline be blended into premium gasolines in order to 
arrive at reasonable octane-improvement costs. 

The effect of investment cost on octane-improvement 
costs is shown on Figure 65. This figure indicates that the 
investment cost must be low for processing of this type 
of feed to be competitive. 

If the situation were such that no investment cost was 
charged against processing naphtha, the octane-improve- 
ment costs would drop to about 6.5¢/RONB and 3.4¢/ 
MONB. 


Research O.N 


Hydrocracking Plus Reforming. This case differs from 
the preceding one in that the heavy hydrocracked gaso- 
line is further processed in a reforming unit. It could be 
argued that hydrocracking should not receive credit for 


r 


Porameters. 


Lt. Hydrocrocked Gasoline 
Blending Research O.N 


Octane-Improvement Cost, €/ONB 


Porometers 


Hvy. Hydrocracked Gosoline 5 
Blending Research O.N 


yi: 


ae 

| 
| ! .@] a . - 1 . 1 1 « . eek 
80 6) 62 63 64 8 66 7 40.80 50 0 200 400 600 800 1000 
Hvy. FCC Naph. Blending Motor O.N Octane-Improvement Cost,¢/MONB Total Investment, $ /Barrel Hydrocracker Charge 


FIGURE 64—These octanes were rated at 3.0 ml TEL per FIGURE 65—Here is the way investment cost influences the 
gallon. cost of octane improvement achieved from hydrocracking. 
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T a s 
Parameters: 


Lt. Hydrocracked Gasoline 
Blending Research O.N. 


Parameters: 
Reformate Blending 
Research O.N. 








| a Se en oe | i | 1 = 
89 90 9! 92 10 12 14 16 18 20 22 24 26 


Hvy. FCC Naph. Blending Research O.N. Octane-improvement Cost, ¢/RONB 








FIGURE 66—The heavy hydrocracked gasoline can be further processed in a reforming unit. 





Parameters: 


Lt. Hydrocracked Gasoline 
Blending Motor O.N. 





Parameters: 


Reformate Blending 
Motor ON. 








A Fee ae - SS al ee ee ee i L j 
80 8I 82 83 8 10 12 4 16 18 20 22 24 26 


Hvy. FCC Naph. Blending Motor O.N. Octane-Improvement Cost, €/MONB 





FIGURE 67—The dashed lines represent the case calculated in Table 22. 
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octane-improvement costs obtained by reforming. How- 
ever, this case is shown so that the combined effects can 
be illustrated. 

The physical data on the heavy hydrocracked gasoline 
as a reformer charge is approximately as shown in: 





Table 21—Heavy Hydrocracked Gasoline 





Gravity, °API 45.5 
ASTM Distillation, °F 
IBP 
EP 350 
“K” Factor 
Hydrocarbon Type 
Jo Naphthenes 
% Aromatics 
Research O. N. 
Clear 


3.0 ml TEL/gal. 


Clear 
3.0 ml TEL/gal. 





Reforming this material results in a 90.5 liquid volume 
percent yield at a C;+ gasoline having a Research 
octane number of 100.6 clear. 

Table 22 shows the example calculation of octane- 
improvement costs. Since it was assumed that reforming 
capacity was available, no investment cost was charged 
against it. The hydrocracker investment cost was left at 
$700/barrel of charge, as in the preceding example. 
Charging 1,000 barrels of heavy FCC gasoline to the 


TABLE 22—Hydrocracking Plus Reforming 


Basis: Heavy FCC sate to hydrocracker; heavy hydrocracked gasoline to re- 
— capital investment $700/bbi of charge on hydrocracker; none on 
reformer, 








Effect on Gasoline Pool 








Remove heavy FCC naphtha..... (1000) 
Add light hydrocracked gaso..... 263 
Add reformate. 7 613 
Adjust butane (120.6) 
(244.6) 











Net effect..... 











Octane-Improvement 
RONB = (—244.6) (58.4—96.1) = 9,221 
MONB = (—244.6) (43.7—88.0) = 10,836 





Economics Bbis. 


Credits 
Gas production-hydrocracker.... 40.2 
reformer 44.2 
Isobutane production— 
hydrocracker 140.0 

11. 





reformer 
Butane production—hydrocracker. . 
reformer 
Butane removed from poo! 1 
TEL (3 ml/gal. gasoline removed). 2 


58. 

7. 
20. 
44, 





Gasoline decrease. . 
Hydrocracking 
Utilities & catalyst 
Labor & supervision. 
Fixed charges 
Reforming 
Utilities & catalyst 
Royalty 

















Octane-Improvement Costs 


(Debits—Credits) (100) 
= 13.5¢/RONB or 11.5¢/MONB 





Octane Improvement 
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Octane-Improvement Cost, ¢/ONB 


| 


rn er ele 


200 400 600 800 1000 
Total Investment,$ / Barrel Hydrocracker Charge 





FIGURE 68—The base case assumes no investment cost for 
reforming and $700 per daily barrel of hydrocracking capacity. 


hydrocracker and reforming the heavy hydrocracked gas- 
oline has the net effect of removing 244.6 barrels of 
gasoline having 58.4 Research octane number and 43.7 
Motor octane number. As in the case of hydrocracking 
alone, we have the effect of substituting a lower boiling 
material (full-boiling reformate) for a higher boiling 
material (heavy hydrocracked gasoline). This is com- 
pensated somewhat by the removal of butane for Rvp 
control. The yields of butane and lighter gases for both 
the reformer and hydrocracker are shown in the eco- 
nomics section of Table 22. 

The resultant octane-improvement costs of 13.5¢/ 
RONB and 11.5¢/MONB are much lower than for 
hydrocracking alone, particularly the Research costs. 
The octane-improvement costs for reforming the heavy 
hydrocracked gasoline are calculated to be 5.7¢/RONB 
and 6.8¢/MONB. 

The effects of blending Research and Motor octane 
numbers on octane-improvement costs are shown in 
Figures 66 and 67. The manner in which the heavy 
FCC naphtha and light hydrocracked product might 
be expected to blend was discussed in the study of hy- 
drocracking alone. 

The blending Research and Motor octane numbers 
for reformate in premium gasolines should be close to 
the laboratory ratings, blending only slightly greater 
than the laboratory ratings in highly aromatic blends 
and slightly less in low aromatic blends. In regular-grade 
gasolines, the reformate should blend well above the 
laboratory octane numbers for both Research and Motor 
ratings. 

Figure 68 shows the effect of investment cost on 
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octane-improvement costs. This figure indicates that the 
Motor octane-improvement cost at zero capital invest- 
ment is 5.1¢/MONB. This is 1.7¢/MONB higher than 
the cost for hydrocracking alone, This occurs because 
reforming is contributing an octane-improvement cost 
of 6.8¢/MONB. Thus, although reforming reduces the 
combined Motor octane cost at high hydrocracking invest- 
ment cost, it increases it at low investment cost. If the 
Motor octane-improvement cost shown in Figure 65 were 
drawn on Figure 68 it would cross the Motor octane- 
improvement line for this case at an investment cost of 
$190/barrel of hydrocracker charge. As would be ex- 
pected, the motor octane-improvement cost at this point 
is 6.8¢/MONB. 


Since the Research octane-improvement cost for hy- 
drocracking is always greater than for reforming, the 
Research improvements costs are always lower in this 
combined case. 


The base case assumed no investment cost for reform- 
ing and $700/barrel of hydrocracking charge 
if it was necessary to invest capital in the reformer in 
order to process the additional charge, this could be put 
on a “per barrel of hydrocracker charge” basis and the 
correction in Figure 68 would still apply. For example, 
assume that the hydrocracker investment is $700/barre]l 


. However, 
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of charge and the reforming investment is $200/barrel 
of reforming charge. Then: 


Total Investment = 700 + (22 
1000 


) (200) = $835/barrel 


The octane-improvement costs for this example can be 
found in Figure 68 for an investment cost of $835/barrel 
of hydrocracker charge. Similar adjustments can be 
made for other situations. 
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FIGURE 1—These blisters were seen 
on inspecting the inside of shell No. 1. 


What to do About 
Hydrogen Attack on Steel 


This case history shows the 
degree of mechanical dam- 
age caused by hydrogen at- 
tack corrosion and how a 


vessel can be repaired 


H. M. Wilten, Lamar State 
College of Technology, 
Beaumont, Texas 


Heat exchangers containing pro- 
pane fractions and water can be 
embrittled by hydrogen attack. Com- 
prehensive studies have been made 
of the mechanism of such attack’ 
but the degree of mechanical dam- 


FIGURE 2—Sectional views through 
the blisters of vessel No. 1. 
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age to the equipment has not been 
often evaluated. 


Case History. The two vessels, heat 
exchanger shells, which suffered the 
hydrogen attack described here were 
both in service in the depropanizer 
section of the crude distillation unit 
which refined sour crudes. 

The blistering of the inside sur- 
face of the shell arbitrarily numbered 
1 is illustrated in Figure 1. The sec- 
tion of the plate showing ruptures 
of steel is shown in Figure 2. The 
inside surface of the shell numbered 
2 did not show any blistering. The 
hydrogen attack occurred very close 
to the surface and resulted in fissur- 
ing. These fissures are shown in 
Figure 3. 

Both of these shells were specified 
to be made of ASTM A-285 Grade 
C, firebox steel. On No. 2 shell, 
stress relief and X-ray inspection 
were both specified; while on No. 1, 
only stress relief was specified. 


Analysis, Properties and Tests. 
A chemical analysis is shown in 
Table 1 and mechanical properties 
are shown in Table 2. 

Free bends were made on speci- 
mens one inch wide taken from both 
shells. All specimens were bent 
through 180 degrees with no rup- 
tures on the outside surfaces. The 
actual elongation of specimens is 
given in Table 3. 


How Hydrogen Accumulates. 
When hydrogen penetrates through 
the steel, it usually causes ruptures 
parallel to the surface of the plate. 
There is a feeling among investi- 


gators that these ruptures are, there- 
fore, related to the imperfections or 
inclusions in steels, and by rolling 
which occurs in planes parallel to 
the surface of the plates. These im- 
perfections serve as nuclei for the 
accumulation of hydrogen. Repre- 
sentative microphotographs of a sec- 
tion of steel containing ruptures of 
both shells are shown in Figures 4 
through 8. Figure 4 and 5 are shown 
to illustrate how the cavities at the 
end of the large blister occurred in 
several planes parallel to the surface, 
and the cracks connecting these cav- 
ities form a continuous discontinuity. 
Figure 7 illustrates that ruptures 
caused by hydrogen attack are ac- 
companied by no chemical effect on 
the immediate structure of the steel. 
Figure 8 does show the purely me- 
chanical effect of hydrogen pressure 
causing distortion of grain structure. 

In contrast to the effect of hydro- 
gen on steel at high temperatures, 
the effect of atomic hydrogen on 
steel at low temperature is only 
physical, depending upon its diffu- 
sion into steel and concentrating at 
one particular place, thus, causing 
excessive pressures upon the inability 
of the molecular hydrogen to diffuse 
out. 


Hydrostatic Tests. Since evalua- 
tion of the damage to the steel as 


TABLE 1—Chemical Analysis 








No. 1 Shell | No. 2 Shell 





Carbon Percent 
Manganese Percent... 
Sulphur Percent 
Phosphorus Percent. . 
Silicon Percent... ... 














WHAT TO DO ABOUT HYDROGEN ATTACK ON STEEL... 


FIGURE 3—Exchanger shell No. 2 did not have blisters but these surface fissures 


were seen. 


a result of hydrogen attack presents 
a very complex problem, it was de- 
cided to subject these damaged ves- 
sels to destructive hydrostatic tests 
to determine the actual rupture 
strength of these vessels. There was 
no attempt made to recharge these 
vessels with hydrogen prior to the 
tests. There was no attempt made 
to observe the yield strength of the 
metal, because ordinarily only tensile 
strength of the metal enters into the 
design calculations as to the allow- 


TABLE 2——Tensile Properties 


able pressure for vessels. 

The actual rupture of one of the 
vessels is shown in Figure 9. The 
calculated test data for breaking 
stress is as follows: 


Destructive Hydrostatic Test 
Data 
Vessel No. { 
Service Data 
© Operating Pressure 
© Operating Temperature 
(Oil Temperature) 


350 Ibs 
160°F 








| 
| Exchanger |_Exchanger Shell No. 2 
| Shell No. 1 At Bt 








FIGURE 4—Microphotograph of shell 
No. 1 shows end of large blister and a 
continuation of the crack in steplike 


progression. Etch Nital X50. 


FIGURE 5—Continuation of the crack 
in Figure 4 starting from reference 
point A progressing from cavity to 
cavity. Etch Nital X50. 


© Operating Life 33 Month 

Size. 241%4 in. OD X 23% in. ID 

< 144g in. Thick (New) 

Hydrostatic Pressure at Failure: 
2290 Ibs. 

Description of Failure. It oc- 
curred in the shell adjacent to a 
small welded pressure gage nipple. 
The thickness of the shell at the 
area of failure was 0.54 in. Subse- 
quent examination revealed the weld 
around the nipple did not penetrate 
through the thickness of the plate. 
Thus, the defective weld acted as 
a notch to start the failure at this 
particular area. 

Calculations. (A) Theoretical 
formula 


Vield Strength PSI.... 
Vield Strength PSI. . 


Yield Strength PSI. . 


Spec. No. breaking pressure using 


Spec. No. 





23400 28720 36700 
24000 30000 34000 


29360 35350 


62700 69700 
63200 69300 


62950 69500 





Average 23700 


Tensile Strength PSI..... 
Tensile Strength PSI...... 


Tensile Strength PSI...... 


Spec. No. | 


| 52800 
Spec. No. | 52600 


52700 





Average 


TABLE 3—Bend Tests 


Percent Elongation on Outside Fibers after Bending 
180 Degree 


Elongation Percent in 8”. 
Elongation Percent in 8” . 





Spec. No. 20t 28 25.5 Through 


28.5 | 23.5 








Elongation Percent in 8”. . Average 22 





i 
Spec. No. 24 | 29 21.5 
| 


Shell No. 2 
Shell No. 1 A B 


SE SUED Reeseccces 50. 31 
Spec. No. 3......... 31. 31 


Average 40.5 31 








* The size of the specimens was 1.5 inch wide by .520 inch thick. The outside and inside surfaces were 
machine finished. 

+t Specimens A were taken from the blistered part of the vessel very shortly after it was condemned. 
Specimens B were taken out of the vessel from the vicinity of the rupture after the vessel was subjected 
to destructive hydrostatic test. 

t Actually the elongation value of this specimen was not representative of the steel, since the specimen 
broke 4 inch away from the marks used in measuring the elongation. 
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FIGURE 6—The cracks between two 


cavities in vessel No. 1 are transcrystal- 


line. Etch Nital X250. 


FIGURE 9—Two views of vessel No. 2 ruptured during hydrostatic destructive test. 


ar xs 
D 


was 2440 psi where T = .54 in. and 
S was assumed to be 55000 psi and 
D was taken as a mean diameter 
namely 23.96 in. 

(B) The failure occurring at 2290 
psi, the actual breaking stress, was 
calculated to 50800 psi (disregard- 
ing the defective weld described 
above). 


P= 


Vessel No. 2 

Service Data 
© Operating Pressure 
© Operating Temperature 

(Oil Temperature) 
© Operating Life 33 Month 

Size. 3054 in. OD X 29% in. ID 

xX % in. thick (New) 

Hydrostatic Pressure at Failure. 
2610 psi 

Description of Failure. Failure 
was predominantly a longitudinal 
rupture starting at a location .67 in. 
thick and extending for a length of 
58 in. 

Calculations. (A) Theoretical 
breaking pressure, as calculated 
previously under Vessel No. 1, is 
2460 Ibs. 


300 Ibs. 
106°F 
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FIGURE 7—Normal structure of typi- 


cal hydrogen attack crack in vessel No. 
2. Etch Nital X100. 


(B) For failure occurring at 2610 
psi, the actual breaking stress, cal- 
culates 58000 psi. 


Repairing Hydrogen Attacked 
Vessels. The above metallurgical 
examination of low carbon steel, as 
well as its mechanical properties, 
indicates that the hydrogen attack 
in the first stage, such as described 
here, is somewhat superficial. The 
metal beneath the blisters is not ad- 
versely affected. Thus, if blisters are 
few, the vessel can be repaired by 
chipping and rewelding the plates to 
full thickness. Then, if the remedial 
measures cited in the referred 
article’ are applied, this blistering 
can be arrested or entirely stopped. 
If the vessel is damaged beyond 
the practical repair and if the thick- 
ness of the vessel is such that stress 
resulting from operating pressure is 
still within the allowable limit, then 
the vessel can still be operated with- 
out undue hazard until a new one 
is manufactured. 
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FIGURE 8—Fine cracks in vessel No. 
2 have distorted grain structure caused 
by hydrogen attack. Etch Nital X100. 
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This nomograph gives the physical properties of liquid through the center intersects the scales in corresponding 
isopropylbenzene. It has been constructed from literature property points. 
values and may be used as follows: any line passing 
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Absorber-Stripper Calculations 
Made Easier 


Conventional methods have 
drawbacks ..... 


Absorbers or strippers are usually computed 
using some variation of the Kremser method!. 
One of the more popular is the Brown- 
Souders?, where average absorption factors 
are used. Any attempt to apply the Lewis- 
Matheson distillation method usually fails be- 
cause of the difficulty in establishing terminal 
compositions, and the sensitivity of flow-rates 
to small changes in temperature. 

In application of the Kremser method, one 
assumes an average absorption temperature 
and figures the average L/V from the desired 
separation of one component and the number 
of theoretical trays. This L/V and tempera- 
ture are applied to the other components to 
find their absorption. This method gives rea- 
sonably good results when the amount ab- 
sorbed is small and the L/V’s are constant. 


Unfortunately, no single absorption tem- 
perature or L/V can be applied to all com- 
ponents. One should select an absorption 
factor close to bottom tray conditions for 
light components, to top tray conditions for 
heavy components, and intermediate tray 
conditions for the key and intermediate com- 
ponents. This is difficult, since tray tempera- 


tures and flow-rates are not known at the 
start. 


To estimate flow-rates, Horton and Frank- 
lin? proposed an empirical rule—that the 
same percent absorption takes place on each 
tray. Thus, for a 3 tray absorber where 20 
percent of the feed is absorbed, some 7.2 
percent is absorbed on the first tray, 6.8 per- 
cert on the second tray, and 6.0 percent on 
the third tray. This gives a better approxi- 
mation than constant L/V’s. But the problem 
of selecting absorption temperatures for each 
component remained. 


Now a new method is proposed that can 
be applied to absorbers, strippers, and recti- 
fied absorbers. The method uses material 
balances and equilibrium relations to deter- 
mine the absorption of each component, and 
heat balances to determine tray temperatures. 
The accompanying report explains how this 
new method works. 
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This exact tray-by-tray method can be 
applied to any absorber or stripper. It 
uses a heat balance to establish tray tem- 
peratures. The method uses an iterative 
procedure and is not convenient for hand 
computation. Therefore, it has been pro- 


gramed for digital computers. 


Andrew D. Sujata 
C F Braun & Co, Alhambra Calif. 


HERE IS AN EXACT tray-by-tray method that can be 
applied to any absorber or stripper. It can also be ex- 
tended to rectified absorbers and fractionators where heat 
balance influences tray temperature more than equili- 
brium considerations. The method is iterative, and it has 
been programed for digital computers. It is not con- 
venient for hand computation since many sets of simul- 
taneous equations must be solved during each iteration. 


HOW THE METHOD WORKS 

Briefly, the method involves the following steps. Collect 
data on feed compositions and rates, equilibrium ratios 
and enthalpies. Fix the number of theoretical trays and 
the absorption of the key component. Include any inter- 
stage coolers or heaters and their heat duties. This com- 
pletes the preliminaries. 

For the first trial the lean oil rate is postulated, and 
temperatures, liquid rates and vapor rates are estimated. 
Approximate methods can be used for this estimate (see 
accompanying box). 

Material balance and equilibrium relations are used to 
determine the absorption of each component on every 
tray. The liquid and vapor rates are corrected. The 
temperatures are corrected by heat balances around each 
tray. The computatioi is repeated until the liquid and 
vapor rates and the temperatures no longer change. 

The separation of the key component is compared with: 
the desired separation and then the lean oil rate is ad- 
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ABSORBER-STRIPPER CALCULATIONS MADE EASIER. . . 


FIGURE 1—A material 
balance is written for a 
typical tray. 


justed. The computation is repeated until the computed 
separation matches the desired. 

Tray temperature is the iteration variable. Changes in 
temperature are based on heat balance, ignoring the 
variation of equilibrium ratios with temperature. This 
approach works well where tray temperatures do not differ 
by say more than 100 F over the entire absorber. Low 
pressure absorbers using high molecular weight lean oils 
converge rapidly, while high pressure absorbers using light 
lean oils take longer to converge. Rectified absorbers that 
depend on fractionation may not converge at all. 


EQUATIONS ARE DERIVED 


Material Balance. Trays are numbered from the bottom 

up. For any component j, the material balances around 
each of the n trays are (see Figure 1) : 

—Ij+li+vi=f) 

—D Flitvs —v,, =f) 


l,? a ‘_~-- Ya = f,) 


i= 2, 3.,..., n-1 


The equilibrium relation is 


v,j = K,) 


1 


V; 
iT 1) = S$,31,3 


i 


The term S,’ has the same significance as the Kremser 
stripping factor for component j on tray i. Combining 


2 hel h 


4 Vint Hj 


BRS et £2 


FIGURE Tray temperatures are estimated by considering 
a heat balance around the tray. 
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Equations (1) and (2) gives 
—1,)-+ (1+8,)) 1)=f,3 
hai + (1+58,5) i —S,_.3 1.3 == £3 
(1-+5S,3) 1,3 —S,_,31,-3= f,) 
Equations (3) represent a set of simultaneous equations, 


linear in the I’s. These equations can be solved using 
matrix methods. 


Correct Flowrates. Liquid and vapor rates were esti- 
mated before Equations (3) could be solved. New rates 
for the next iteration are found from 


$,j1,3 


For an absorber operating with a fixed tray temperature, 
these new rates would be used iteratively with Equations 
(3) until convergence. 


Correct Temperatures. Tray temperatures were also 
estimated before Equations (3) could be solved. New 
temperatures are found from heat balance relations (see 
Figure 2). The heat balances are 

a 

Y (1 hb.) + 1h + v,) HY) 
j=1 
G, =O=Q,—F,h, 4 


G,=0+Q,—F,h,+ 


c 


» ( nat 14.) 


j=1 


hy.) + 1h! + vj Hy — v\_) Hy! 


12, 3,..., n-1 


c 
h, + » (1,3 h,! + Vv,’ H,! ro Va-1! H,-,’ 
j=1 


Q,—F, 
(5) 


Values for h’s and H’s are figured at the estimated 
temperatures. Since it is unlikely that the estimated 
temperatures are correct, G; # O. The required change 
in temperature to make G; = O can be evaluated by ap- 
plying Newton’s method to Equations (5). 


0G 
=—G, == dt,+ 
Ot, 


G _.. 
n ot, 


Equations (6) represent a set n simultaneous equations, 
linear in the dt’s. The coefficients are 


~Bha 


i= 1,2,..., n-l 
1:3 
s oH, J 
y = = Ps Oy! + vy) Cy) 


j=1 . js 
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Equations 6 are solved for the dt’s. The new temperatures 
are then 


t, (m+1) = t,(™ +dt,(™ (7) 


These temperatures together with the new rates de- 
termined from Equations (4) are used to refigure the 
S;s and the computation is repeated until no further 
change occurs in either the rates or temperatures. 


Feed Position. Equations (1) allow for a feed stream on 
each tray. For a simple absorber the wet gas is treated as 
a feed to tray 1, and the lean oil as a feed to tray n. 
Partially denuded lean oil is handled by including the un- 
stripped components as f,’ for each component. For 
simple strippers the stripping media is treated as feed to 
tray 1, and the rich oil as feed to tray n. 


Limitations. .ne equations as derived are general and 
can be applied to rectified absorbers, rectified strippers, 
or any fractionation columns. The equations apply to any 
two-product columns, however with modification this can 
be extended to multiproduct columns. No allowance was 
made for the presence of two liquid phases as happens 
in rectified steam strippers where steam is condensed and 
withdrawn from trapout trays. 


SOME EXAM”LES 


Although the equations apply to both absorbers and 
strippers, there are differences in the procedures used to 
solve them. The followimg paragraphs discuss the pro- 
cedures, first for absorbers, and then for strippers. 


Absorbers. The usual objective of an absorber computa- 
tion is to establish a leanoil rate that will give the speci- 
fied absorption of one component. The wet gas rate and 
number of theoretical trays are specified. Temperatures 
and compositions of the leanoil and wet gas are known. 

Leanoil rate as well as the specified absorption are im- 
plicit in the equations. They cannot be solved directly, 
sO an iterative approach must be used. A trial value for 
leanoil rate is assumed and the absorption is computed. 
The leanoil rate is adjusted until the computed and spe- 
cified absorption of the key component agrees within a 
set tolerance. 


TABLE 1—leed and Product Streams 


COMPUTED 
PRODUCT STREAM 


FEED STREAMS 





Saturated 
| Wet Gas Oil Leanoil Richoil Dry Gas 





8 
245 
Temperature, F.... : | 80 775 
—— Mol Percent 


2 
Methane... 
Ethane.... 
Propane. . . 


i cnnvnweenes 
Cs Plus (Taken as Ce)... 
Oil, 212 MW, 37.8 API. 














% 100.00 | . 100.00 4 
| 
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19.4F Dry Gas 


(329.2 Mols/Hr) 
Lean Oil SLE 
(245 Mols/Hr.) 


Saturated oi! BOF, 
(165 Mols/ Hr) 





Intercooler — 


eae BTU/Hr) 


Wet Gas 
(430 Mols/Hr) 





Rich Oil 
(510.8 Mols /Hr) 


FIGURE 3—This sample problem was solved in 12 minutes 
by one medium size computer. 


To adjust the leanoil rate, the following method may be 
used. From the computation, the fractional absorption of 
the key component is 


key 
l, 


E,=— 
} s f kes 
i=} 


This represents an effective Kremser absorption factor, A, 
that is found by solving 
A 


Ast — aes age (9) 
a 


(8) 





Based on the desired separation, E,*, and effective A* is 
found by solving 

A* . —,® 
[—— | ia 


Atne. - oO 





Then the new leanoil rate is 


TABLE 2—Tray-by-Tray Results 





MOLS LEAVING TRAY 


i a ¥ ys 
Meth- Pro- | Bu- | Bu- 
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ABSORBER-STRIPPER CALCULATIONS MADE EASIER . . 


Leen Oil 
8 
7 
6 


5 


Lean Oil 


Sat Oil 





Tray Number: 
Tray Number 


4 
3 
2 


Wet Gas Wet Gas na 1 
75 80 85 90 200 300 400 


Temp., F Liquid Rate Mols/Hr. 











FIGURE 4—The dip on tray 2 shows the influence of the 


intercooler. 


; (new) — Id) - 
F,‘ any, ' 


A Sample Problem. An absorber with five theoretical 
trays and ten components involves the solution of eleven 
sets of five simultaneous equations for each iteration. For 
this reason, only a statement of a problem and its solution 
are given. 

Consider an absorber with 8 theoretical trays operating 
at 295 psig as shown in Figure 3. The absorber has three 
feeds: lean oil to tray 8, saturated oil to tray 5, and wet 
gas to tray 1. An intercooler on tray 2 removes 140,000 
BTU/HR. Table 1 gives the rates, temperatures and com- 
positions of the feed streams, and computed results for 
the product streams. Table 2 gives tray temperatures and 
the mols of each component in the vapor and liquid leav- 
ing each tray. These results were developed by one com- 
puter in 12 minutes. Plots of the results are shown in 
Figure 4. 


Strippers. The usual objective of a stripper computation 
is to establish a stripping vapor rate that will give the 
specified stripout of one component. The rich oil rate and 
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number of theoretical trays are specified. Temperatures 
and compositions of the rich oil and stripping vapor are 
known. 

Stripping vapor rate as well as the specified stripout are 
implicit in the equations. An iterative approach is used 
for the solution. A trial value for the stripping vapor rate 
is assumed and the stripout is computed. The stripping 
vapor rate is adjusted until the computed and specified 
stripout of the key component agree within a set tolerance. 
To adjust the stripping vapor rate, a method similar to 
that for absorbers may be used. The fraction stripout is 


, ke 
Vn J 


= (11) 


n 


i f key 
i=1 
This represents the effective Kremser stripping factor, S, 
found by solving 
S 
Suet . 12 
ee (12) 


8 





The desired stripout, E*,, represents another effective 
stripping factor S* found from 
s* E.* 


S*n+1 __ " 
i—f4 tj —E,* 





=O (13) 


The new stripping vapor rate is 
S* < 
F (new) = PF, (old) + =—— 1 ¥ vai (14) 
j=1 


Original presentation was before the National Petro- 
leum Refiner Association, Tulsa, December 5-6, 1961. 


SYMBOLS USED 
A — Kremser Absorption factor, L/KV 


c— number of components 
Cy, — liquid specific heat, BTU/mol, F 
Cy — vapor specific heat BTU/mol, F 
E, — fraction absorbed 
E, — fraction stripped 
f — component mols in feed 
F — total mols of feed 
G — heat balance equations 5 
h — liquid enthalpy, BTU/mol 
h — feed enthalpy, BTU/mol 
H — vapor enthalpy, BTU/mol 
K — equilibrium ratio 
1 —- component mols in liquid 
L — total mols of liquid 
m — iteration number 
n — number of theoretical trays 
Q — heat removed from a tray. BTU 
S — Kremser stripping factor, VK/L 
t — tray temperature, F 
v — component mols in vapor 
V — total mols of vapor 
i — subscript referring to tray number 
j — superscript referring to component 
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Distillation 
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Whitchurch Works was one of the first units to use 
the Stretford Process. 


How Stretford Process 


ls Working 


This new process for removing hydrogen 
sulfide has been found economical in 
English gas plants. Here’s how it works 

and what it costs 


T. Nicklin, North Western Gas Board, 
Manchester, England 


and E. Brunner, Clayton Aniline Company, Ltd. 
Manchester, England 


As a means of purifying coal gas, the Stretford Process 
can compete economically with other liquid or oxide 
purifiers. This process is a method for continuous puri- 
fication of gas or liquid mixtures containing H.S, using 
an aqueous alkaline solution of sodium salts of anthra- 
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quinone disulfonic acids, In the regeneration step, sulfur 
is precipitated. Results from plant-scale tests show oper- 
ating costs and side reactions. Use of sodium vanadates 
is one of the improvements now being exploited. 

The Stretford Process, developed jointly by the North 
Western Gas Board and The Clayton Aniline Company, 
Limited, was intended initially for the removal of hydro- 
gen sulfide from coal gas. Subsequent work, however, 
has shown that the process is suitable for the removal 
of hydrogen sulfide from gas streams of various compo- 
sition and from solvents immiscible with water. 

The Stretford Process uses an alkaline solution cf the 
sodium salts of anthraquinone 2:6, 2:7 disulfonic acids, 
which are water-soluble and non-toxic. They are also 
highly stable chemicals, and not decomposed in the con- 
ditions found in this process. It is also possible with this 
process to control side reactions to defined limits. 


The process is considered to take place in five stages:— 
(1) Absorption of hydrogen sulfide in alkali. 


(2) Reduction of the anthraquinone disulfonic acid 
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HOW STRETFORD PROCESS IS WORKING... 


(A.D.A.) by means of addition of sulfur (in the 
form of hydrosulfide) to a carbonyl group. 


(3) Liberation of sulfur from the reduced anthra- 
quinone disulfonic acid by interaction with oxygen 
dissolved in the water. 


(4) Re-oxidation of the reduced anthraquinone disul- 
fonic acid. 


(5) Re-oxygenation of the alkaline solution providing 
dissolved oxygen in the solution for stage 3 of the 
process. 


The process is normally operated in the pH range 8.5 
to 9.5, and for many applications a more restricted range 
of 8.8 to 9.1 is preferred. In these ranges, absorption of 
hydrogen sulfide results in hydrosulfide rather than sul- 
fide ions which is a necessary condition of the process. 
The required pH is obtained by using sodium carbonate 
and sodium bicarbonate in the ratio 1:3, but ammonium 
salts or other alkaline salts can also be used. 

The commercial mixture of anthraquinone disulfonic 
acids (sodium salts) normally employed consists of almost 
equal amounts of the 2:6— and 2:7— isomers. It is 
equally possible to use other anthraquinone disulfonic 
acid isomers, notably a mixture of anthraquinone 1:5 and 
1:8 disulfonic acids (sodium salts), but on price consid- 
erations, speed of reduction and general convenience in 
the precipitation of sulfur it is preferred to use the 2:6, 
2:7 isomers. Theoretical considerations of hydrogen sul- 
fide absorption and a proposed reaction mechanism are 
discussed in a later section. 

In addition to the removal of hydrogen sulfide from 
coal gas, the process has also been tested for application 
to the purification of refinery gases, effluent air streams 
such as those encountered in the viscose and transparent 
paper industries, gases rich in carbon dioxide and also 
for the purification of crude benzoles and petroleum 
products containing hydrogen sulfide. These applications 
and the addition of vanadates to the process to increase 
the speed of the reduction reaction are discussed later. 


PLANT OPERATION: WHITCHURCH 

The Whitchurch plant consisted of three washing 
towers each 2 ft in diameter with a packed depth of 10 
ft of board filling %4-in board %-in space, a delay tank 
of 1,000 gal capacity, an oxidizer of 670 gal capacity, a 
decarbonator and a high-speed centrifuge to remove sus- 
pended sulfur. The total volume of liquor in the system 
was 1,500 gal and the circulation rate was 1,500 gal/hr. 
The liquor contained 0.5 percent of the sodium salts of 
2:6 and 2:7 anthraquinone disulfonic acids and 0.4N 
total alkali made up from 0.1N sodium carbonate and 
0.3N sodium bicarbonate. 

This ratio was maintained, keeping the pH at a value 
of 9 by passing 7 gal/hr of the circulating liquor through 
the decarbonator. The gas stream was from a set of hori- 
zontal retorts and was purified in oxide boxes in the 
normal manner. 

It was then passed through a catalyst bed to convert 
the organic sulfur compounds to hydrogen sulfide giving 
a loading of 30 to 40 gr/H,S/100 ft*. Whitchurch is a 
small works making about 250,000 ft*/day; the whole 
make goes through the organic sulfur convertors, and the 
hydrogen sulfide produced has been removed by a Stret- 
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ford process liquid purifier designed to remove up to 50 
gr/H.S/100 ft® of gas. The plant was put to work in 
May, 1959, and has operated satisfactorily. 

With an inlet gas containing 35 gr/H.S/ 100 ft*, the 
outlet of the first tower is normally 1 or 2 p.p.m. and the 
outlet of the plant less than 0.1 p.p.m. During 18 months 
of continuous operation, this plant has had technical su- 
pervision for the first six months only, and has purified 
over 100 mill ft* of gas. During this period, the thiosul- 
fate content of the solution has reached 2.5 percent and 
thiocyanate 1 percent; 80 lb. of A.D.A. and 4 cwt of 
sodium carbonate have been added. Over 3 tons of sulfur 
have been removed by the centrifuge, which was oper- 
ated for 10 hr/week. 

By using a bypass line, it is possible to feed gas from 
the oxide boxes direct to the first washing tower, then 
through the convertors and finally through the second 
and third washers. By slipping hydrogen sulfide from the 
oxide boxes to the extent of 50 to 80 gr/H.S/100 ft’, 
some results for percentage removal of hydrogen sulfide 
by the washing liquor that have been obtained are shown 
in Table 1. 

All the vessels and pipework are of mild steel, and no 
evidence of corrosion has been found in either washing 
towers or oxidizer. However, some corrosion has taken 
place at the bottom of the reaction tank, where an ac- 
cumulation of sulfur, settling out of the washing liquor, 
has occurred. The reaction tank has been modified to 
prevent this sedimentation of sulfur in future. 

Plants at Rochdale Road and Linacre have also been 
operated using the Stretford Process. Results are shown 


in Tables 2 and 3. These plants were originally designed 
for the Manchester Process, which uses iron oxide sus- 
pensions in alkali for the oxidation medium. 


Economics. Compared with oxide boxes, a liquid purifi- 
cation system occupies less ground space, has a lower 
capital cost, has a small and steady demand upon labor, 
and with this reagent produces a sulfur that can be con- 
verted to a saleable product. Compared with other liquid 
purification reagents, anthraquinone disulfonic acids have 
the advantage of being stable, non-corrosive, non-poison- 
ous and water-soluble. Alkaline solutions of this reagent 
can reduce the hydrogen sulfide content of a gas stream 
to well below the required standard. Most of the visitors 
to the laboratories and plants during the past year have 
asked the following three questions:— 

(1) Does this process give complete removal of hydro- 

gen sulfide? 

(2) How much does it cost to operate? 

(3) What side reactions are involved? 

In all the systems, whether in the laboratory or on a 
larger scale, the aim has been to operate with the gas fed 
to the last washing bay containing less than the Gas 
Referees’ limit of hydrogen sulfide. Thus, on a plant with 
six washing bays, the gas leaving bay 5 should contain 
less than 1 p.p.m. of hydrogen sulfide. Sometimes, the 
plants have been overloaded to find out what they are 
capable of handling and which section of the whole plant 
first shows the effects of overloading, but most of the time 
the plants have had two bays rather than one fed with 
“clean” gas. There is no doubt that the reagent, under 
the recommended conditions of operation, is capable of 


HypROCARBON PrRocEssING & PETROLEUM REFINER 





TABLE 1—Removal of Hydrogen Sulfide by the Stretford Process 
at Whitchurch Works of the North Western Gas Board 





H2S FIRST BAY 





Gas Mass Transfer Coeff. 
(ft/s) (Ib. moles/ft*lb/at.) 
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removing hydrogen sulfide continuously to well below 
the Gas Referees’ Standard. 


The results obtained from Rochdale Road for hydro- 
gen sulfide removal are low and variable because of un- 
even distribution of liquor from the two drilled pipes 
across a bay of oblong cross-section. At Linacre, the old 
distributors were replaced with a new trough system and 
the results are comparable with results from Whitchurch, 
taking into account that the Whitchurch packing had 
double the surface of the Linacre packing. 

The economics of this process cannot be calculated 
accurately until a plant is designed and built to operate 
with this reagent; however, an estimate may be made, 
using the results obtained. From Table 2, an empty tower 
gas velocity of 1.1 ft/s will give a first-tower removal of 
at least 80 percent of the hydrogen sulfide at pH 8.9 or 
9.0, and the following towers will each remove between 
80 and 90 percent of their inlet loading. The gas velocity 
is lower than desired, but the over-all process is limited 
by other factors. This gas velocity is equivalent to a 
through-put of 2.5 mill. ft*/day of gas, or 4.1 mill. 
therms/year. 


TABLE 2——Percentage Removal of Hydrogen Sulfide by the Stret- 
ford Process at Rochdale Road Plant of the North Western Gas 
Board 











Mass Transfer 
Percentage Coefficient 
HeS Removed (Ib. moles/ft*h /at.) 


Gas Velocity ft/s 
(empty tower) 


2 





OPERATING COSTS:— 
£ /annum. 
Liquor circulation (24A at 400V) 
Air Compression (30A at 400V) 
Soda Ash added (20 tons at £15/ton) 
Rotary Vacuum Filter (power cost) 
Decarbonation (steam cost) 
Labor for operation and maintenance at 


Initial cost of materials, with replacement period of 
24 months. 


Anthraquinone disulfonic acid £ 
(2,500 Ib. @ 6s./Ib) 150 
Soda Ash (8 tons @ £15/ton) 120 


870 


Operating cost is thus £3,070, which is 0.18d./therm, 
or in U.S. terms, 0.21¢ per Btu. 


By far the greatest part of this cost is for labor and 
power, and if for any reason it were decided to replace 
the solution after 12 months’ operation instead of 24 
months the cost of operation would be £3,800, which is 
0.22d./therm. 


The only reason for replacing the liquor in the piant 
would be due to an accumulation of dissolved salts 
formed in side reactions. At Whitchurch, which is the 
only new plant operated under the Authors’ control, the 
dissolved solids have risen by 4 percent in 18 months’ 
operation, which is equivalent to between 2 and 2! 
percent of the sulfur processed being converted to soluble 


TABLE 3—Percentage Removal of Hydrogen Sulfide by the Stret- 
ford Process at the Linacre Plant of the North Western Gas Board 








Partial Pressure 


Hydrogen Sulphide at. Mass Transfer 
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HOW STRETFORD PROCESS IS WORKING ... 


salts. Tests in the laboratory have shown that satisfactory 
operation can be continued with large quantities of dis- 
solved salts in the washing medium. One laboratory-scale 
apparatus has been operated after the solution was arti- 
ficially loaded up to 20 percent by weight of sodium thio- 
sulfate. When the dissolved solids in the washing liquor 
increase, the difference in solubility between the two 
isomers of anthraquinone disulfonic acid becomes ap- 
parent. The 2:6 isomer is far less soluble than 2:7, and 
the 2:6 is quickly thrown out of solution by thiosulfate as 
shown in Figure 1. However, for the purpose of oxida- 
tion-reduction reactions with hydrosulfide ions, the 2:7 
isomer is equally as effective as the 2:6, so the use initially 
of a 1 percent solution of A.D.A. ensures that there is 0.5 
percent of the 2:7 isomer in solution in the presence of 
thiosulfate contents up to 60 percent concentration. 

At both Rochdale Road and Linacre, the sulfide load- 
ing of the liquor has been greater than at Whitchurch, 
and variable plant-operating conditions have led to rapid 
increases in thiosulfate content over short periods of time. 
In both plants, the thiosulfate content has reached 7 
percent of the circulating liquor after seven months of 
operation. Thiosulfate is formed most readily when air is 
blown through solutions containing free hydrosulfide 
ions. However, if the hydrosulfide has attached itself to 
the anthraquinone disulfonic acid, then the thiosulfate 
formation is much less than found when hydrosulfide 
solutions are blown with air. The higher the pH of the 
solution and the higher the temperature, then the greater 
is the formation of thiosulfate. 


For several weeks at Linacre the hot liquor from the 
decarbonator, rich in carbonate and of high pH, was fed 
into the reaction tank where free hydrosulfide was pres- 
ent (the water gas at Linacre did not contain appreciable 


amounts of cyanide) and the temperature of the circu- 
lating liquor reached 40° C. During this period, the thio- 
sulfate content of the liquor increased rapidly. No system 
of operation has been found, using A.D.A. in alkaline 
solution, that does not produce some thiosulfate; however, 
providing the liquor leaving the reaction tank is sulfide- 
free and the circulating liquor not allowed to increase in 
temperature, the conversion of sulfide to thiosulfate is 
small as shown by operation at Whitchurch. 

Should the gas stream contain hydrogen cyanide, the 
alkaline washing medium will absorb hydrogen cyanide; 
however, the dissociation constant of 1 * 10-® allows the 
dissociation of only half the hydrogen cyanide absorbed 
at pH9. Hence, some of this cyanide will be removed 
from the solution by the air blown through the oxidizer, 
and the lower the pH of the washing medium the more 
will be lost in this manner. Here again the formation of 
some thiocyanate when washing gas streams containing 
hydrogen sulfide and hydrogen cyanide cannot be 
avoided, and the sodium carbonate converted to sulfate, 
thiosulfate and thiocyanate must be replaced, thereby 
increasing the total dissolved solids and causing the pre- 
cipitation of some of the 2:6 isomer of the anthraquinone 
disulfonic acids. As with thiosulfate, the rate of formation 
of thiocyanate increases with pH and liquor temperature. 


Routine tests have shown that there is a variation in 
the reaction rates of commercially produced anthraqui- 
none 2:6, 2:7 disulfonic acid, which cannot readily be 
explained. It has been found that a small quantity of 
iron, complexed with a sequestering agent to prevent the 
precipitation of iron sulfide in the gas-washing stage, will 
ensure a reagent of uniform activity. Results are given in 
Figure 2 for the addition of 50 p.p.m. of iron in order to 
show the effect of such additions to the reaction curve. 
The change in reaction rates due to the addition of iron 











2—EEE EE 


i 
10+ 40% 
' 
' 
' 


RESIDUAL A.D.A.% 


*27% 
! 
0+ 164% 
2:6 PRECIPITATES : 2: 7PRECIPITATES 


20 «300 #0 50s 60 70 «80 )0=— S100 110 
%NaS,05HO ADDED (Gms/100mi) 


FIGURE 1—Sodium thiosulfate affects A.D.A. solutions in this way. 
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is much greater than can be accounted for by the use of 
sequestred iron at the working pH level. Curve 1, Figure 
2, shows how much sulfide is equivalent to the iron 
introduced. 

In the calculation of operating costs, no credit has been 
claimed for the sulfur produced, which, for the example 
given of operation at Rochdale Road, would amount to 
more than 300 tons in a 12-month period. The washed 
sulfur cake, after drying, has a purity in the range 97 
to 98 percent, and after treatment in an autoclave, may 
be obtained as a molten product of 99 percent purity. 
Should further purification be required, it may be carried 
out by activated-clay treatment of the molten product 
from the autoclave, by acid treatment of a solution of 
sulfur, or by distillation. 

Sulfur sold at a profit of £ 1/ton will represent a re- 
duction in cost of purification of 0.015d./therm. By sub- 
tracting the equivalent of £ 2/ton of sulfur as a profit 
from the operating costs, calculated at 0.18 to 0.22d./ 
therm, and by adding capital charges on a new plant for 
liquid purification in the range of 0.08 to 0.10d./therm, 
there is an overall purification cost of the order of 0.25d./ 
therm. 


IMPROVEMENTS: VANADATES 


The Stretford Process is limited in its economic opera- 
tion by the sulfide loading in the liquor; about 40 p.p.m. 
in solution may be converted to sulfur in the reaction 
tank, and the loading may be increased to 150 p.p.m. if 
the corresponding thiosulfate formation is accepted. The 
slow reaction to form sulfur necessitates long delay times, 
large volumes of liquor and large tanks, hence, much of 
the work has been directed to finding a means of increas- 
ing the reaction rates. The most successful of the many 
additives tried has been sodium vanadate, and initially 
the aim was to increase the speed of reaction between 
hydrosulfide and anthraquinone disulfonic acid to pro- 
duce sulfur. However, it was found that the reaction rate 
depended upon the vanadate concentration, and during 
the oxidation of hydrosulfide to sulfur there was a transfer 
of V°—>V*. A solution of sodium vanadate alone will 
react with hydrosulfide to produce sulfur, but the solution 
cannot be regenerated by blowing with air. In the pres- 
ence of anthraquinone disulfonic acid, oxidation of the 
reduced vanadate is completed, and the reduced A.D.A. is 
regenerated by air oxidation. The oxidation of hydrosul- 
fide to sulfur by the vanadate was rapid, the sulfur being 
visible after 1 to 3 min and with sufficient vanadate 
present converting a 250 p-p.m. hydrosulfide solution to 
sulfide-free in 5 min. Thus the formation of sulfur no 
longer depends upon oxygen dissolved in the solution, so 
it is possible to convert bigger sulfide loadings to sulfur 
and still feed sulfide-free liquor to the oxidizer. Also, 
the system will work at a lower pH than the initial Stret- 
ford process, without loss of washing efficiency, ensuring 
a reduction in thiosulfate formation and obviating any 
necessity for decarbonation of the washing medium. 


Advantages. Tlie low conversions of hydrosulfide to 
thiosulfate are due partly to the lower pH at which the 


washing processes have been carried out and partly to 
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FIGURE 2—How chélated iron affects A.D.A. solutions. 


the reduced time in which free hydrosulfide ion is present 
in the liquor. It is no longer necessary to remove the 
carbon dioxide absorbed by the washing medium by 
means of decarbonators. The liquor was allowed to reach 
equilibrium with the carbon dioxide in the gas stream, 
and the reduction in percentage of hydrogen sulfide ion- 
ized in solution was balanced by the increased speed of 
conversion of hydrosulfide to sulfur. In the laboratory, no 
accumulation of water in the plant was noticed, since the 
weight of sulfur produced was small, but it will be neces- 
sary, on large-scale operation, to evaporate the water 
produced by the reactions to form sulfur and used to 
wash the sulfur removed at the filter. 


However, the major improvements associated with the 
use of vanadate are the speed of reaction and weight of 
sulfur produced from a given volume of washing medium. 
At Whitchurch, a solution containing 0.5 percent A.D.A. 
at pH9 and 40 p.p.m. sulfide has operated with a thiosul- 
fate yield of between 1 and 2 percent. A similar thiosul- 
fate yield is obtained using 0.5 percent of A.D.A. with 
0.12 percent of sodium vanadate and 320 p.p.m. sulfide, 
thus increasing the capacity of the washing solution by a 
factor of 8. It is not necessary to employ low concentra- 
tions of vanadate, for with the appropriate concentrations 
of vanadate a solution containing 1,000 p.p.m. sulfide may 
be converted to “sulfide-free” within 5 min in laboratory 
experiments. 

Having achieved a rapid removal of sulfide from solu- 
tion, it has been found that oxidation becomes the slowest 
stage. When using vanadates, a number of side reactions 
appear to take place which produce colored materials. 
These products take from 20 to 60 min to re-oxidize, and, 
although the solution may be suitable for recirculation 
after 10 to 15 min, these colored products accumulate in 
solution. It has been found that the addition of 50 p.p.m. 
of iron with a sequestering agent accelerates the oxida- 
tion reactions, ensures rapid and complete oxidation and 
prevents the accumulation of colored side reaction prod- 
ucts. Such oxidation promoters are necessary only when 
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TABLE 4—Percentage Removal of Hydrogen Sulfide with A.D.A.- 
Vanadate Solution at the Whitchurch Plant of the North Western 
Gas Board 








HYDROGEN SULPHIDE 


Bay 1 Outlet | Bay 2 Outlet 7 3 4 
(ar) (p.p.-m.) P-p 





Inlet (gr) 
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200 
230 
250 
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210 
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large hydrosulfide loadings are involved, i.e., in excess 
of 200 p.p.m. 

Most of the results given for operation with A.D.A.- 
vanadate solutions have been from laboratory tests in 
batch and dynamic systems. The Whitchurch plant was 
converted to operation with an A.D.A.-vanadate solution 
in November 1960, but at the time of writing, detailed 
results are not available. The pH of the washing medium 
in the absence of decarbonation has been reduced to 8.5 
to 8.6, but the speed of oxidation of the hydrosulfide has 
maintained the high percentage of removal of hydrogen 
sulfide from the gas stream that was achieved by the 
Stretford process at pH9. 

A 10-day trial was carried out to determine the sulfide 
loading that could be removed continuously by the Whit- 
church plant, using an A.D.A.-vanadate solution, and 
results are presented in Table 4. 

It was found to be necessary to increase the air flow to 
the oxidizer in order to achieve complete oxidation of the 
circulating liquor, and a small rotary vacuum filter was 
brought in, for the duration of this trial, to provide con- 
tinuous sulfur removal. 

Although the cost of reagents per unit volume of solu- 
tion is more than the cost in the original Stretford proc- 
ess, the hydrosulfide loading in the A.D.A.-vanadate 
liquor would be increased, and the solution can be ex- 
pected to operate longer, due to a reduction of thiosulfate 
formation. 

Thus, to compare the previous costs at Rochdale Road 
with a possible costing for an A.D.A.-vanadate process :— 

Throughput may be raised to 6 mill. therms/year, 
which is equivalent to 320 p.p.m. HS’ in solution. 


OPERATION COSTS: 
Liquor Circulation 

Air Compression 

Soda Ash Addition (5 tons) 
Rotary Vacuum Filter 
Labor 


Initial Reagent Costs for 30,000 Gal: — 
Anthraquinone disulfonic acids 
Sodium Vanadate 

Sodium Carbonate 


Soluble Iron 


1,650 


Over a period of two years, operating costs are 0.12d./ 
therm, while over four years the cost is 0.10d./therm. In- 
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cluding capital charges and allowing no profit for the 
sulfur produced, it should be possible to operate at 
0.2d./therm. 
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Combine Oxygen and Hydrocarbons for Profit 


Part 2: Economic Fundamentals—Including alternative oxidants, pros and 
cons of using oxygen with factors for evaluating economical oxygen use 


Marshall Sittig, Princeton, N. J. 


ECONOMIC FUNDAMENTALS 
ALTERNATIVE ROUTES FOR OXIDATION 
PRODUCTS MANUFACTURE 


In addition to competition between oxidants, oxidation 
processes must frequently compete with other unit proc- 
esses for combining an oxygen atom with an organic 
molecule—or at least achieving the same result as an 
oxygen atom could accomplish. The two competitive unit 
processes are usually hydration and pyrolysis. 


ALTERNATIVE OXIDANTS 
The general problem of the provision of oxygen for 
industrial processes has been reviewed by Clark.’°* The 
choice of various oxidizing agents has been discussed by 


Marek.?*° 


Air. The oxygen of the air is the cheapest available oxi- 
dizing agent, as pointed out by Marek.?*° At the same 
time, it is difficult to control because it must, in general, 
be used at elevated temperatures and/or in the presence 
of a catalyst in order to realize practical rates of oxi- 


dation. 


TABLE 9—Process Competitors for Direct 


Oxdidation Processes 





Product 


Direct Oxidation 
Routes 


Competitive Processes 





Synthesis gas 


Acetylene.... 


Calcium carbide. . 
Acetic acid 


Methanol 
Ethanol 


Formaldehyde 
Acetaldehyde. . 


Ethylene 


Hydrogen cyanide 


Carbon black. . 
Ethylene oxide. . . 
Propylene oxide. 
Acrolein ; 
Acrylonitrile. . 
Maleic acid 
Phthalic anhydride. 
Phthalic acids... 


Phenol 


Hydrogen peroxide. 


Natural gas plus oxygen 
Fuel oil plus oxygen 
Coal plus oxygen 
Natural gas plus oxygen 


Oxythermal blast furnace 
Butane plus air 
Acetaldehyde plus air 
LPG plus oxygen 


LPG plus oxygen 


| LPG plus oxygen 

| Methane plus oxygen 
| Methanol plus air 

| LPG plus oxygen 


Ethanol plus air 


| Ethylene plus oxygen 
.| Autothermic cracking 


Methane plus NH3 


plus air 


| Natural gas plus air 
| Fuel oil plus air 


Ethylene plus oxygen 
Propylene plus oxygen 
Propylene plus oxygen 


Propylene plus NH3 


plus air 


| Benzene plus air 


Butylenes plus air 


| Naphthalene plus air 


o-Xylene plus air 
Xylenes plus air 
Cumene process 
Raschig process 

Direct process 
Isopropanol plus oxygen 
Quinones plus oxygen 
LPG plus oxygen 





Natural gas plus steam 
Coal plus air and steam 


Thermal cracking 

Electric arc cracking 

Calcium carbide plus 
water 

Electric furnace 

Fermentation 

Wood distillation 

CO plus He 

Wood distillation 

Fermentation 

Ethylene hydration 

None 


Acetylene hydration 


Thermal cracking 
Catalytic cracking 
Methane plus ammonia 
Recovery from coke oven 
gas 
Sodium cyanide plus acid 
Dehydration of formamide 
None 


Chlorohydrin route 
Chlorohydrin route 
Dehydration of glycerin 
Acetaldehyde plus HCHO 
Pyrolysis of diallyl ether 
Acetylene plus HCN 

Via ethylene cyanohydrin 
None 


None 

Xylenes plus sulfur 
Sulfonation route 
Chlorobenzene route 


Electrolysis via 
persulfates 
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Oxygen. Prior to World War II, oxygen was not avail- 
able in sufficient quantity at low enough prices to permit 
its application in tonnage quantities in chemicals manu- 
facture. Now, however, as discussed in this section and 
the sections to follow, it is not only widely available in 
volume quantities but it may indeed prove, upon proper 
evaluation, to be the most economical oxidation for a 
given process at a given scale of operations. 


Oxygen-Enriched Air. Where oxygen is available in 
limited quantities as “surplus” from a large oxygen plant 
feeding another large-scale oxidation process or, in some 
cases, where control problems limit the allowable oxygen 
content of the oxidizing gas, oxygen-enriched air may 


be used. 


Metal Oxides Regenerated by Air. The inerts in air 
may be avoided and oxygen provided for an oxidation 
process without the cost of pure oxygen by using metal 
oxides to furnish the oxygen, separating them, and regen- 
erating them with air. 


The use of copper oxide to produce synthesis gas from 
methane in this manner has been proposed by Lewis, 
Gilliland and Reed.*"® 


The oxidation of carbon to carbon dioxide free of 
nitrogen using metallic oxides as the oxidants has been 
described by Lewis, Gilliland and Sweeney.?*° 


Ozone. The use of ozone as an oxidant has been re- 
viewed by Bailey® as well as by others.* 8% 


Nitric Acid. The use of nitric acid as an oxidizing agent 
is discussed by Marek**° who points out that its principal 
drawback is its tendency to act as a nitrating agent, even 
in dilute concentrations. 


A nitric acid-nitrogen dioxide mixture has been em- 
ployed to oxidize isobutylene to hydroxyisobutyric acid 
which is then dehydrated to methacrylic acid, as de- 
scribed by Gardner and Steadman.’* 


Similarly, propylene can be oxidized to acrylic acid 
using nitric acid as described by England and Mock.** 


Sulfur. The use of sulfur and sulfur compounds as oxi- 
dants has been reviewed by Wegler, Kuehle and 
Schaefer.*** The use of sulfur in conjunction with an 
aqueous base as an oxidant has been described by 
Toland.*** 


Other Chemical Oxidants. There are a variety of 
other chemical oxidants which are of more academic than 
practical interest and which will not be treated in detail 
here. These include: 
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1. Chromic acid, 

2. Potassium permanganate, 

3. Periodates, 

4. Selenium dioxide, (See Waitkins and Clark.**’ 

5. Lead tetraacetate, and 

6. Hydrogen peroxide. 

POSSIBLE ADVANTAGES OF USING OXYGEN 

In those cases where oxygen is being used or considered 

for a chemical oxidation process, oxygen must compete 
with air as the oxidizing agent. There are always pros and 
cons involved. The major “con” factor is usually the in- 
creased cost of oxygen which must then be counter-bal- 
anced by a number of advantages to permit the economic 
utilization of oxygen. 
Higher Yields. In vapor-phase oxidation of LPG, in the 
manufacture of carbon black by the furnace process, and 
in ethylene oxide manufacture from ethylene, the use of 
oxygen rather than air as the oxidant gives higher prod- 
uct yields. 

This is probably one of the two major advantages for 

oxygen vs. air in hydrocarbon oxidation processes. It is 
closely related to the companion advantage of reduced 
recycle rates which may result when oxygen is used in 
place of air. 
Reduced Entrainment. The lower volume of oxygen as 
compared to air for equal oxidizing capability permits 
lower gas velocities in reaction vessels. This may result in 
reduced entrainment of product or of a valuable reactant 
or solvent in liquid-phase operations. It can result in re- 
duced catalyst carry-over in fluid-bed catalytic oxidation 
reactions. 

This is the other major advantage for oxygen vs. air in 

the conduct of hydrocarbon oxidations. It is closely re- 
lated to questions of product separation, equipment size, 
and purity of byproduct gases which are described in the 
paragraphs which follow. 
Adaptability to Pressure Operation. In synthesis gas 
manufacture, the most important single hydrocarbon oxi- 
dation process in terms of degree of application, oxida- 
tion is often preferred over steam reforming since the 
latter process is less advantageously conducted under 
pressure. Recent developments in steam reforming have 
permitted operation at increased pressures of 250 psi. 
The partial oxidation process can readily be operated at 
300 ps or higher, however, delivering a synthesis gas 
product at a more economic pressure for subsequent 
methanol or ammonia synthesis operations. 

Oxygen may be more attractive than air in pressure 
oxidations of hydrocarbons in the liquid phase. The use 
of oxygen at the same system pressure gives a higher 
partial pressure of oxidant; at equivalent partial pressures 
it eases the necessity of high pressure operations to get 
adequate oxygen introduction to maintain an economic 
reaction rate. 

Higher Reaction Rates. Reaction rates can be increased 
by higher partial pressures of oxygen, permitting in- 
creased output. This advantage may be particularly ap- 
plicable to liquid phase oxidations where there are ques- 
tions of reducing the induction period of the reaction, as 
well as of speeding the reaction, once started. 
Simplified Product Separation. Product separation 
and recovery can be simplified due to the reduction of 
inert gases in the product stream. 
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Increased Flexibility of Feed Choice. The use of ox- 
ygen rather than air permits a wider choice of hydrocar- 
bon feed materials in a number of oxidation processes. 
Thus, in synthesis gas production, heavy oil rather than 
natural gas may be used; in vapor-phase oxidation of 
LPG it permits feed of propane as an alternative to 
butane without change in equipment; in autothermic 
ethylene manufacture, it permits use of heavy feed stocks. 
Reduced Equipment Size. Reduction in equipment size 
is possible because of smaller gas volumes handled. This 
is probably the most widely applicable advantage of oxy- 
gen vs. air. In essence, it saves the equipment volume 
needed to contain and transport the four volumes of 
nitrogen associated with every one volume of oxygen in 
the air. This saving may reflect itself in increased 
throughput in a given piece of equipment or in smaller 
equipment investment requirements for a new plant to 
produce a given quantity of product. 

Less Recycle Required. In those oxidation processes 
where conversions-per-pass are low, as in acrolein manu- 
facture from propylene, recycle requirements may be ex- 
cessive when air is used as the oxidant. Oxygen utilization 
may reduce recycle requirements within economic reason. 
Reduced Heat Losses to Nitrogen. Higher reaction 
temperatures or better fuel efficiency are possible by re- 
ducing the heat loss to waste nitrogen. Heat requirements 
are thus cut down in such processes as synthesis gas man- 
ufacture and the manufacture of acetylene by partial 
oxidation. 

Improved Product Quality. In the case of both carbon 
black and calcium carbide, oxythermal routes using oxy- 
gen show good indications of giving considerable increases 
in product quality. 

More Valuable N.-Free Byproduct Gases. More valu- 
able byproduct gases may be obtained with the elimina- 
tion of the nitrogen in the vent gas. 

Availability of Nitrogen as a Co-product. There may 
be multi-product air-separation plant situations where the 
nitrogen and/or argon would be utilized in addition to 
the oxygen. 

® For blanketing. Some air separation plants have 
been built solely for the production of nitrogen for 
blanketing. These include. a plant at Model City, New 
York, and one at Muskogee, Oklahoma, the former hav- 
ing a capacity of 50 tons/day and the latter having a 
capacity of 100 tons/day of nitrogen. The oxygen is a 
secondary or wasted product from these plants. The fu- 
ture outlook for plants which consume large volumes of 
hydrogen in boron hydride manufacture, or for similar 
plants might well include use of an air-separation plant 
producing nitrogen for blanketing and oxygen for oxidiz- 
ing methane to hydrogen and carbon dioxide. 

Recent air separation plants designed primarily to pro- 
duce blanketing nitrogen for chemical operations include 
one for the Novamont (polypropylene) plant and one for 
Union Carbide Chemicals Company at Institute, West 
Virginia. 

@ As a Chemical Raw Material. There are a number 
of air-separation plants now devoted solely to the pro- 
vision of nitrogen for ammonia manufacture by combina- 
tion with by-product hydrogen from refineries or coke 
ovens, Oxygen is a secondary or wasted product from 
such plants. Future hydrogen requirements for ammonia 
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TABLE 10——Pros and Cons of Oxygen vs. in Various Oxidation Processes 
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PL SE NES OS ES RD EE ait will more likely be met by partial oxidation of natural 
i gas which will call for integrated oxygen and nitrogen 
consumption from multi-product air-separation plants in 
conjunction with ammonia manufacture. 
®@ In Cryogenic Hydrogen Purification. The products 
from an air separation plant dovetail neatly with the re- 
quirements of a plant for the production of hydrogen by 
the partial oxidation of natural gas. 





(o2) 


POSSIBLE DISADVANTAGES OF USING OXYGEN 
Increased Cost and Complexity of Instrumentation. 
It is true that changing from oxygen to air as the oxidant 
for a given process may require more complex and costly 
instrumentation. However, the trend in the chemical in- 
dustry is toward more highly automated plants and to- 
ward the use of more sophisticated instrumentation, in 
any event. Thus, requirements for instrumental control 
seem to be in keeping with the trend of tt. times and do 
not represent any startling requirement. 

Consumption of Feed for Heating Pur. .2s. In syn- 
thesis gas manufacture, and in autotheru::: processes for 
MECH] «acetylene and ethylene manufacture, the feed stock is 
ar J eee consumed to provide process heat. Where it has been 
1000 100 purified or is particularly valued in contrast to cheaper 
available fuels, this is a disadvantage. 

Oxygen Capacity Tons/ Day Difficulty of Heat Removal. Since al! oxidation reac- 
FIGURE 1—Unit cost of oxygen as a function of plant tions are exothermic and since replacement of air by oxy- 
capacity.199 gen removes the nitrogen with its heat capacity, heat re- 
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COMBINE OXYGEN AND HYDROCARBONS FOR PROFIT. . . 


TABLE 11—Oxygen Requirements of Various Processes 








| Lbs. O2/Lb. 


Product | Feed Product 





Fuel Oil 
Natural gas : 
LPG 


Synthesis gas....... 
Acetylene......... 
Acetic acid 

Ethylene. .... 
Hydrogen cy anide 
Carbon black wd 
Ethylene oxide...... 
Propylene oxide 
Acrolein. inne ae 
Maleic acid........ : 
Phthalic anhydride. . 
Phthalic anhydride 
Phenol. ‘ 


re 
Qo 


uo 


Ethane 
Natural gas 
Oil 


Ethylene 
Propylene 
Propylene 
Benzene 
Naphthalene 
o- Xylene 
Cumene 
Benzene (Raschig process) 
Anthraquinone 
Isopropanol 
Methanol 
* Lime and coke (to 
oxythermal furnace) 





Hydrogen peroxide...........| 
Hydrogen peroxide........ 
Formaldehyde 

Calcium carbide. . 


OF OOO hm ento® 
INK NAaNouUrawowmuaonm 
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moval problems are accentuated. Fluidized solids 
techniques for gaseous reactions and skills in handling 
liquid phase reactions (through carefully designed agita- 
tion and reactor configurations) provide practical solu- 
tions to such problems, however. 

increased Possibility of Explosions. The combination 
of increased heat release per limit volume with broadened 
limits of flammability plus the absence of diluent nitrogen 
all tend to increase explosion hazards when using oxygen 
rather than air as the oxidizing medium. 

However, in the absence of sources of ignition, the 

mere fact that a reaction is operating within the explosive 
limits of the oxidant and fuel present is no sign that an 
explosion will occur. True, the hazard is increased, but 
effective instrumentation plus known design features (in- 
cluding explosion arrestors, etc.) can eliminate the oc- 
currence of explosions—and minimize their consequences 
if they should occur at some point in a system. 
Too Small Plant for Economic Oxygen. Probably the 
most serious drawback to oxygen application in lieu of 
air in many processes is an oxygen requirement so low 
that oxygen cost is above the economic level. 

One way of taking advantage of the other benefits of 
oxygen utilization when a unit is itself too small is to com- 
bine two or more oxygen-consuming units at a single 
location so that each unit may take advantage of a bulk 
oxygen price applicable to the total requirements of all 
the units. 


ECONOMIC FACTORS IN EVALUATING OXYGEN USE 

Thus, an economic evaluation of oxygen use depends 
on assigning some local value to the pertinent ones of the 
twelve “plus” and five “minus” factors just discussed. 
Then it involves a consideration of desirable production 
rate (as measured by market needs) of oxygen required 
to produce chemical products at that rate, and of oxygen 
cost at that production level. These latter items usually 
can be combined to give a break-even point above which 
oxygen is economic—and below which it is not economic. 

The applicability of the various “pro” and “con” fac- 
tors itemized to various typical oxidation processes is sum- 
marized in Table 10. 

A major factor in the economics of oxygen use is, of 
course, the cost of the oxygen proper to that particular 
process. This, then, is a function of the pounds of oxygen 
required per pound of product (see Table 11) and of the 
cost per pound of oxygen at the scale of operations (see 
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TABLE 12——Minimum Economic Plant Size for Oxygen 
Utilization in Various Processes 








Tons/Year 


Tons/Day 
of Product 


Product of Oxygen 








Ammonia syn. gas 
Methanol syn. gas 
Acetylene. . b> ee 
Ethylene oxide. 

LPG oxidation. . . 
Carbon black. . . 
Phthalic acids 











Figure 1). These factors taken together, as will be seen, 
can then result in a determination as to whether oxygen 
is economic or uneconomic at a given scale of operations 
in the manufacture of a given product. 

Unit Cost of Oxygen. Investment and operating costs 
for oxygen plants of various capacities producing oxygen 
of various purities have been published by Van Dyke and 
Dougherty,*"* by Katell and Faber of the United States 
Bureau of Mines,'** and by Lyons and Batchelder of Bat- 
telle Memorial Institute.?** Of these various references, it 
is believed that Katell and Faber’®® give the most ac- 
curate figures (see Figure 1). 

One must beware of much of the “cost” data published 
in the several years following World War II. In this 
period when tonnage production of oxygen was little 
known and when a firm basis of experience for cost esti- 
mation supply did not exist, many extravagantly low 
estimates of oxygen prices were published. These inac- 
curate and unduly optimistic data probably did the future 
development of the oxygen industry more harm than 
good when these promises proved impossible to fulfill. 

One point is worthy of mention regarding Katell and 
Faber’s cost curve shown in Figure 1. One major Euro- 
pean oxygen plant producer feels that above perhaps 350 
tons per day, there is a practical maximum size above 
which oxygen cost is constant. In the United States, how- 
ever, studies have shown that cost continues to drop for 
500 tons per day and even larger units; this reflects lower 
unit capital charges in computing oxygen costs from the 
larger units. 

Break-Even Points for Oxygen vs. Air. Consideration 
of process oxygen requirements (see Table 11) and of 
oxygen cost at various quantity levels (see Figure 1) to- 
gether with other process economic factors have resulted 
in the determination of break-even points (above which 
oxygen is economic and below which it is uneconomic) 
for various processes. Some of these break-even points are 
summarized in Table 12. 

Possibilities for Computer Application. Since oxygen 
economics may often depend on optimization of both 
process design and process control, computer applications 
in these two areas are becoming increasingly important. 

In design of oxidation process plants, Shell Develop- 
ment Company has applied computer techniques to ethyl- 
ene oxide plant design.** 

Application of computer control to synthesis gas manu- 
facture has been achieved by Monsanto.** Although this 
particular plant used steam reforming, application to this 
major application of oxygen seems obvious. Recently, 
announcement was made of plans for computer control 
of the new Celanese plant for producing acetaldehyde 
direct from ethylene. 

Part 3 will appear in an early issue. 
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Case Histories Show... 


Epoxy Can Cut Corrosion Costs 


Maintenance repair can be 
reduced when the right solid 
or liquid epoxy is used to 
correct corrosion failures 


Ross H. Bacon 


The Dow Chemical Co. 
Freeport, Texas 


Epoxy resins as one of the more ver- 
satile of the modern plastics have 
proved to be one of the most valuable 
“tools” used by plant maintenance 
people to combat corrosion of plant 
facilities. 

To the uninitiated the term “epoxy 
resin” is definitive; however, those “in 
the know” find it as broad as saying 
“automobile” or “paint.” Thus, we 
must narrow down our subject or break 
it up into its component parts. 

Epoxy resins may be divided into 
two broad classes: (a) solid epoxy 
resins used in the manufacture of sur- 
face coatings, and (b) liquid epoxy 
resins used in laminating, castings, en- 
capsulating, adhesives, etc. You may 
notice that I am rather lose with my 
terms for in actual practice liquid epoxy 
resins may be used to formulate coat- 
ings, usually hi-build or in the order of 10 mils and up. 
However, for the purpose of this paper let us go along 
with the idea that solid epoxy resins only are used in the 
formulation of surface coatings (paint, if you please). 


Solid Epoxies. Coatings based on solid epoxy resins are 
better known as (a) catalyzed epoxy, (b) coal tar epoxy, 
and (c) epoxy ester. Each type of formulation is best 
suited for a particular application. 

Catalyzed Epoxy using amine type catalyst has excel- 
lent resistance to chemicals, including non-oxidizing acids, 
brine solutions, and certain organic products. They have 
a good order of temperature resistance, depending on the 
formulation, usually in the 250-300° F range. Formula- 
tions using poly amid type catalyst exhibit less over-all 
chemical resistance; however, better color retention, 
flexibility, and application characteristics are imparted. 

Coal Tar Epoxy (also catalyzed) also exhibits similar 
chemical resistance with a higher order of temperature 
resistance, up to 400 °F. It tends to embrittle with age 
and, of course, is available only in black. 

Epoxy Esters are competitive with oleo-resinous coat- 
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FIGURE 1—Conditions of surface prior to cleaning. Note severity of cor- 
rosion on galvanized portions. 


ings. However, they exhibit good color retention, are easy 
to apply and have slightly better chemical resistance than 
the commonly known oleo-resinous coatings. 

The following case histories outlining a number of suc- 
cessful applications will better illustrate uses of formu- 
lated solid epoxy coatings: 


Epoxy Ester. Operating Plant—Organic Area 

Problem. Protect equipment and piping in medium 
atmospheric corrosive area. 

Solution. Compare epoxy ester paints with conven- 
tional oleo-resinous coatings. 

Results. After three-year test period found equal to 
control coatings. 


Coal Tar Epoxy. Exposed Steel Deck 

Problem. Protect flat steel deck—about 300° F heat, 
severe acid fumes atmosphere from nearby stack, and 
heavy foot traffic. 

Solution. Sandblast and apply two-coat system to a 
finish film thickness of 15 mils. 

Result. In good condition, except for mechanical dam- 
age, after two years. 
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EPOXY CAN CUT CORROSION COSTS... 


FIGURE 4—The first coat of catalyzed epoxy has been 
applied. Note complexity of surfaces. 


Catalyzed Epoxy. Exterior of Tank 
Problem. Protect exterior of 12 ft. x 12 ft. tank from 
corrosion in a severe alkaline area. 


Solution. Sandblast and apply an amine catalyzed epoxy 
system to a finish film thickness of 6 mils. 


Result. This system, which was applied in 1953, gave 
excellent protection for 62 years, outlasting previously 
applied chlorinated rubber coatings more than four-fold. 

Figures 1, 2, 3, 4, and 5 depict job progress during a 
typical catalyzed epoxy job using the airless spray 
method. This area was painted approximately four years 
ago with a chlorinated rubber system. Structural steel, 
floor plate, grating and conduit were galvanized. This is 
a three-coat system—total dry film thickness is in the 
order of 10 mils. Based on a five year life expectancy the 
cost per sq. ft. per year will be 5.2 cents. 


Liquid Epoxies 
Laminates, castings, epoxy concrete, etc. based on 
liquid epoxy resins were first used i.1 our maintenance in 
early 1957. The first major job was lining of a vacuum 
blower casing which is in salt removal service for caustic 
evaporation. The efficiency of this machine was improved 
because of the ability to machine the cast epoxy material 
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FIGURE 3—Airless spray application of primer. 

















FIGURE 5—Finished job at a cost of 5.2 cents per square 
foot per year with 5-year life. 


to close tolerance. This application has given two years of 
service, equaling previous total life of casing without 
lining, and has since been re-worked, again using epoxy. 
This type of work on brine and sea water pumps alone 
will restore scrapped equipment to original factory toler- 
ances, saving $1,500 to $2,000 in capital investment for 
each restoration (see Table 1 for typical formulation). 

Here again case histories will better illustrate how 
liquid epoxy formulations can be successfully used as 
“tools” in plant maintenance. 


TABLE 1—Typical Liquid Epoxy Formulation 





100 Parts 
10 PHR* 

5-10 PHR 

2- 3 PHR 


Liquid Epoxy Resin. . 
Diethylene Triamine 
Flexibilizer , 
Silica Flour....... 
Asbestos Fiber. . 








ned 
icmeczekes oa 
Shea 


* PHR: Parts (wt.)/100 parts of resin (wt.). 


Repair of Product Lines. 
Problem. Leaks in hydrogen lines—repair by welding 
would necessitate shutdown and purge of system. 
Solution. Cleaned surfaces adjacent to leaks with sol- 
vents, used liquid epoxy formulation and glass cloth 
(7.36 oz. treated), wrapping repaired line while in 
service. 
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Result. Added two years life to lines before general 
replacement was necessary. 


Lining of Tank. 

Problem. Protect interior steel surfaces of tank for 
Versenes service. Operating temperature ambient. Pre- 
viously lined with baked phenolic. 

Solution. Sandblast to white metal and apply liquid 
epoxy formulation, spraying chopped glass fibers into wet 
coat and packing by rolling smooth with paint roller; 
when dry to touch apply same formulation filled to a 
“grout” consistency. 

Result. After two years of service, lining in good 
condition. 


Lining of Evaporator. 

Problem. Protect interior steel surfaces of evaporator 
with top operating temperature of 200 °F. and a pH of 
as low as 2—previously coated with a baked vinyl. 

Solution. Sandblast to white metal and apply liquid 
epoxy formulation, laying in by hand a laminate of glass 
cloth (7.36 oz. treated). When dry to touch apply same 
formulation filled to a “grout” consistency. 

Result. After two years service, lining in good con- 
dition. 


Jacket Insulated Towers. 

Problem. Find an inexpensive method to maintain 
plant color scheme and reduce cost of insulation repair. 

Solution. Apply a single, blue-green pigmented, liquid 
epoxy laminate. This was done at approximately 50% 
of the cost of aluminum sheating. 

Result. After 11% years, no insulation repair or paint- 
ing necessary. 


Miscellaneous Applications. Other successful applica- 
tions include grouting bolts on equipment, repair of 
concrete floors in HCl acid areas, lining of condenser 
heads, fabrication of pump impellers, lining tank in 
H.SO, service, repair of cracks in brick walls and founda- 
tions, etc. 


Cost Comparison. No discussion of materials of con- 
struction would be complete without including costs. 
Costs of epoxy work, as in all corrosion control applica- 
tions, varies greatly according to the degree of corrosion 
present, complexity of surface, choice of materials, work- 
ing conditions, etc. In general, epoxies as coatings are 
high in proportion to the more conventional methods, 
while as casting, laminates, etc., they may be much lower 
than conventional methods. Those persons responsible for 
selection of materials should be aware of the limitations 
of the epoxies and carefully evaluate each recommenda- 
tion as to its cost and ability to perform the job. 


TABLE 2——Relative Cost of In-Place Job 





Film Thickness | 


Epoxy Ester ya bon Soll 6 | 
Catalyzed Epoxy. . i atin diatln tele cated 7 
Coal Tar Epoxy... | 16 
Catalyzed Epoxy. . jewasass Veaks 15 
SE EE ES 70 


Epoxy System 








In Table 2 we have a comparison of the relative costs 
within the epoxy field. All cost items for an in-place job 
are included. The costs were obtained by averaging a 
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FIGURE 6—Condition 


FIGURE 8—Bolts grouted in concrete slab with liquid epoxy. 


number of actual jobs, using a representative cross sec- 
tion of different manufacturer’s proprietary products. By 
assigning the value of unity to the system having the 
lowest comparable cost and dividing all others by this 
figure, we have calculated the relative costs of other 
systems. 

It is obvious from a study of these relative costs 
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EPOXY CAN CUT CORROSION COSTS... 


FIGURE 9—Lining in condenser head. 


that a factor in determining which is the least expensive 
9 


is missing. Table 3 provides the missing factor—the 
service life of the system. 


TABLE 3—Relative Cost of In-Place Job 





Cost/ Year 
re . a | 0.25 


Epoxy System Cost | Service 





Catalyzed Epoxy. 5 
Coal Tar Epoxy... . : 5 | 
Catalyzed Epoxy........... | 2. 7 
Epoxy Laminate.......... 2. 10 


| 








Using the same relative costs as found in Table 1 and 
dividing by the expected service life in years, we have 
expressed the relative cost per square foot per year of 
each system. These relative costs are applicable only when 
the corrosion engineer has specified the proper system 
for the particular situation. 


Safety Aspects. Due caution should be exercised in the 
handling of epoxy resins, curing agent (catalysts, hard- 
eners) and solvents. No general toxicity problems exist 
with the resins themselves; however, contact over long 
periods of time may cause sensitization of the skin. 
Symptoms may develop after a variable time of work- 
ing with resins. However, such skin trouble is never 


FIGURE 11—Repair of concrete pillar. 


FIGURE 10—Lining in sulfur drum. 


serious and the condition clears promptly after removal 
from the exposure. Once sensitized, the individual be- 
comes ultra-sensitive to the resin. 

Liquid epoxy resin and solutions of the solid epoxy 
resin are considered to be more irritating and, thus, one 
should be particularly careful to avoid contact. 

Personal cleanliness, protective equipment, and good 
housekeeping are important. 

Amine type curing agents are capable of causing 
serious irritation upon contact, particularly of the eyes 
and respiratory tract. Here again sensitization may 
occur. 

Solvents used in epoxy formulations are flammable 
and toxic. We are all familiar with the safe use of ketones 
and acetones, which are the more common solvents for 
epoxy. 

From this short discussion we can see the need for 
common sense safety rules when using epoxy resins in 
their various formulations. 

Originally presented to the ASME Petroleum Me- 
chanical Engineering Conference, Kansas City, Mo., Sept. 
26, 1961. 


Key Words for Indexing 
Coatings Linings 
Corrosion Plastics 
Costs Repairing 
Epoxy Safety 





About the Author 

Ross H. Bacon is a maintenance 
specialist in the Plant Engineering 
Department of The Dow Chemical 
Company’s Texas Div., Freeport. He 
evaluates, specifies and makes eco- 
nomic studies of painting, insulation 
and roofing. His experience includes 
work as a paint contractor and as 
painting superintendent for the Dow 
Texas Division. He has been with 
the company for 20 years. He is a 
member and vice chairman of the 
T6 committee of NACE and is a past president of the 
Houston Area Coating Society. 


Bacon 











HyprRocaRBON Processinc & PETROLEUM REFINER 





More Acetylene 
for the West Coast? 


New acetylene capacity for the Pacific 
Coast hinges on... when can industry 
support a new acetylene plant? Where 
Should it be located? Which process 
should be used? Use these data to help 


answer these questions 


Daniel C. Lockwood and Ted Breitmayer 
C F Braun & Co, Alhambra, Calif. 


The production of acetylene is certain to play a part 
in the growing Pacific Coast chemical industry. But when 
can the industry support a new acetylene plant? Where 
should the plant be located? And which of the routes 
to acetylene will probably be used, the classical carbide 
route, or the newer hydrocarbon route? 


MARKETS 
A look at the market for acetylene derivatives on the 
Pacific Coast will help answer the first question—when 
can the industry support a new acetylene plant? Little 
market information has been published on this area. For- 
tunately, however, some recent figures are available on 
one of the largest acetylene users, the vinyl resins. 


Vinyl Resins. Some figures are available on the use of 
vinyl resins in the three coastal states from Rhea.’ He 
says the western consumption of vinyl resins in 1960 was 
121,300,000 pounds. One approach to estimating the po- 
tential market in an area is to assume the consumption 
of a commodity in that area is proportional to its popu- 
lation. Rhea’s figure gives an opportunity to check this 
approach. 

In 1960, the population of the three Pacific Coast 
states was about 11 percent of the total U.S. population.” 
Estimates of the 1960 vinyl resin production in the US. 
are about 1,200,000,000 pounds.* If consumption of vinyl 
resins in the Pacific Coast states were proportional to 
population, the use would be about 130,000,000 pounds 
which is in good agreement with the 121,300,000-pound 
figure given by Rhea. 
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Other Chemicals. Table 1 gives estimated figures for 
the 1960 U.S. production of five chemicals that are im- 
portant users of acetylene as a raw material.* The first 
column shows the estimated 1960 production of each 
chemical. The second column shows the estimated per- 
centage made from acetylene. And the third column 
shows the estimated use of acetylene for each chemical 
in 1960.° 


TABLE 1—Important Chemical Users of Acetylene 


Estimated U.S. 
Acetylene 
ae 
n 1960 
MM/Lbs. 





Estimated U.S. 
a 


rom 
Chemical MM i. Acetylene 


Percent Made 
| 

Vinyl chloride. . . . | 925 60 
| 
| 





Trichloroethylene and 

perchloroethylene . 60 
Neoprene. 100 
Acrylonitrile. . 80 
Vinyl acetate 80 





Total.. 


The total chemical use for acetylene in 1960 is esti- 
mated as 760,000,000 pounds.* Table 1 shows the five 
chemicals considered here are the important users of 
acetylene, since they account for some 90 percent of the 
total chemical use. The total use of acetylene in 1960 
was 840,000,000 pounds.* This leaves some 80,000,000 
pounds, or less than 10 percent of the total for non- 
chemical uses such as welding. 

Table 2 gives an estimate of the potential use of acety- 
lene on the Pacific Coast in 1960. This estimate is made 
by assuming the use of acetylene derivatives in the Pa- 
cific States is in proportion to the population, But the 
potential use of acetylene is modified to account for such 
things as economic plant size for the various derivatives. 


Growth Rate. From the figures in Table 2, it seems 
there is a chance that the Pacific Coast can support a 
new acetylene plant, if certain derivatives are manufac- 
tured on the Coast. To get a better feel for the possible 
plant size, two other factors must be taken into consid- 
eration. These factors are (1) growth by the time a plant 
could get into operation, and (2) present or potential 
producers of acetylene on the Pacific Coast. 

If a company were to start investigating acetylene pro- 
duction today, it is probable that they would not start 
producing acetylene before 1964 or 1965. The interven- 
ing time would be spent in getting appropriations, select- 
ing processes and raw materials, choosing the contractor, 
and building of the plant. 
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MORE ACETYLENE FOR THE WEST COAST? ... 


Acetylene Potential. To get a feeling for potential 
acetylene use by 1965, consider the predicted growth of 
vinyl chloride. One source* predicts the output of vinyl 
chloride in the U.S. will reach 1,110,000,000 pounds by 
1965. Since vinyl chloride production is the principal 
chemical use of acetylene, it seems reasonable to assume 
the 1965 uv tylene will go up in about the same 
ratio as vi ide. On this basis, the 1965 use of 
acetylene on the Pacific Coast should be 62,000,000 
pounds. We can round back to 60,000,000 pounds be- 
cause not all uses will grow as fast as vinyl chloride. 


From Carbide. The reported acetylene capacity® on 
the Pacific Coast today is 26 million pounds annually. 
This means some 34 million pounds of new acetylene 
capacity could be required by 1965. However, the pres- 
ent reported capacity® for producing calcium carbide on 
the Pacific Coast is 52,000 short tons per year, which is 
equivalent to 35 million pounds of acetylene per year. 
From this the new acetylene capacity required by 1965 
could be as little as 25 million pounds. Thus the addi- 
tional capacity required to meet demands by 1965 could 
be in the 25 to 34 million pound range or say 30 million 
pounds per year, 

It is unlikely that plants to produce all the deriva- 
tives mentioned in Table 2 would be built on the Pacific 
Coast. Even in the case of vinyl chloride, where it is 
likely that an acetylene based plant will be built, it is 
unlikely that all the potential coast market could be cap- 
tured by a coast producer. From considerations such as 
these it is possible that to satisfy 1965 demands a plant 
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TABLE 2—Potential Use of Acetylene on the Pacific Coast in 1960 
Production of Acetylene Derivatives 





Pacific Coast 
Share At 
11-Percent 


Total U.S. 
Production 


Pacific Coast 

Potential Use 

of hestseae 
MM/Lb 


From Acetylene} Of Total U.S. 
MM/Lb MM/Lb 


Chemical 





Vinyl chloride F 55£ 61 
Trichloroethylene 

& Perchloroethylene. 
Neoprene. . 50 27 
Acrylonitrile........ 
Vinyl acetate. . 20 
Acetylene for 

non-chemical uses. . . % 


Total.... 

















4—Hooker Chemical is reported as making perchloroethylene in Tacoma 

but no raw material is listed. 
—Unlikely such a plant will be built on Pacific Coast in near future, be- 
cause only producer has no other facilities in area. 
ball —Capacity of acrylonitrile plant too small for economic size plant to be 
uillt. 

D—Some 10 million pounds of vinyl acetate plant capacity installed on 

Pacific Coast by 1962. 


should have a capacity no larger than 20 million pounds. 
On the other hand, new acetylene derivatives, or looking 
to the 1970 market, might justify a plant in the 40 mil- 
lion pound range. For these reasons three sizes of plants 
—20, 30, and 40 million pounds—will be considered. 
Now to the next questions. Where should the plant be 
built, and what type of plant will probably be built? 


PLANT LOCATION 


The centers of population on the Pacific Coast—Los 
Angeles, San Francisco, Portland, and Seattle—are all 
likely locations for an acetylene plant. In California, the 
Los Angeles area has the advantage of being the center 
of the largest population concentration on the Pacific 
Coast. Portland and Seattle have the advantage of low 
cost electric power. 


Los Angeles. Looking at Los Angeles first, the hydro- 
carbon route will probably be used if an acetylene plant 
is built there. The calcium carbide process uses about 
4.7 kilowatts of electricity per pound of acetylene prod- 
uct. Electricity costs about 8 mills per kilowatt in Los 
Angeles. Thus in Los Angeles, the carbide route is faced 
with the almost insurmountable power cost of 4 cents 
per pound of acetylene. 

Table 3 gives the economics for an acetylene plant 
in the Los Angeles area for three plant sizes based on 
today’s costs. These economics are based on a modern 
partial-oxidation process using natural gas as the raw 
material. The investment figures are for a battery-limits 
plant using purchased oxygen. The required selling price 
for acetylene assumes a cash flow—profit after taxes plus 
depreciation—of 25 percent on investment. The three 
capacities were chosen to bracket the potential plant size 
established above. 

To produce the return used in Table 3, acetylene 
must sell at from 11 to 14 cents per pound. Now the 
big question is—can acetylene be sold at from 11 to 14 
cents per pound in the Los Angeles area? The answer 
to this lies in the cost of acetylene derivatives brought 
in from other areas. Limiting this consideration to do- 
mestic production, the Gulf Coast area provides the 
most likely competition for acetylene derivatives from 
hydrocarbon acetylene. 
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TABLE 3—Economics for Hydrocarbon Acetylene in the Los 
Angeles Area 








Plant capacity, pounds per year.. 


30,000,000 
Investment 


$4,100,000 


40,000,000 


20,000,000 
$3,100,000 $5,000,000 





Raw Materials 
Natural gas, at 25¢/\!) 
Oxygen, at $7." 
Operating labor, at 
aintenance, at 3 pct 
Utilities 
Power, at 8 mills/kwh. .. 
Steam, at 60¢/1000 Ibs. 
Cooling water, at 2¢/1000 gal. 
Process water, at 15¢/1000 gal.. 
Gheemows. . 
Royalty. . 


~—_ Per eens of : eee Y 
3.5 
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SRSS 


investment. 


MNIONW RWW 


Co 


Sescso SON 
Wi woonw—w Wt 
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S29999 SoNy 
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Total direct costs... 
Less fuelgas — at 
35¢/MM B 


bol 
“I 


_ 
yy 
oo 


Net direct costs. 
Prorated costs, 140 pet operating — 
labor plus half-maintenance. At , 7 0.63 
Fixed charges 
Depreciation at 10 pct 
of investment.... . ‘ 5E 37 1.25 
Property tax and insurance, 
1 pet of investment d - 14 13 
Total mor aerate cost, 4 Ib of - = ———— = 
acetylene. . - ; ‘a 9.02 8. 05 7.53 


or 
or 
1) 


Required cash flow, 
25 percent return $775,000 $1,025,000 

Depreciation 310,000 410,000 
$465,000 ~ $615 000 
$965,000 | $1,280,000 
1,804,000 2,415,000 


Required product value ert er sk $3,695,000 
Required selling price ¢/Ib......... 13.8 | 12.3 


$1,250,000 
500,000 


$7! 50,000 





Required profit after taxes 
Required pretax a * 
Manufacturing cost. 








Gulf Coast Acetylene. Since the cost of acetylene is 
an important factor in the cost of its derivatives, Table 
4 gives the economics for three acetylene plants in the 
Gulf Coast area. The economics have the same basis as 
in Table 3 except unit costs are chosen to reflect con- 
ditions in the Houston area. The plant capacities were 
chosen to match approximately the capacities of three 
plants recently announced for the Houston area, all 
using hydrocarbon processes. 


TABLE 4—Economics for Hydrocarbon Acetylene in the Houston 
Area 











| 
100,000,000 
$8,000,000 


40,000,000 
$5,000,000 


Plant capacity, aeeaee per year. 
Investment... 


70,000,000 
| $6,600,000 





Raw materials Cents Per Pound of Acetylene 
Natural gas at 20¢/MM Btu 
Oxygen at $7.70 to $6.50/ton. 

Operating labor, at $3/hr 

aintenance, at 3 pct of investment. 

Utilities 
Power, at 8 mills/kwh..... 
Steam, at 40¢/1000 Ibs... . a 
Cooling water, at 1. 5¢/1000 gal. is 
Process water, at 10¢/1000 gal.. 

Chemicals... ... 

Royalty. . 


38 8aKRs 
ESI8 aes 


SCoSeoSD Sort 
gS 
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;esssss corn 
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|eeccses so! 
SQRSI8 Lees 


| 


Total direct costs 
Less fuelgas credit 20¢/ /MM Btu.. 


on 
2 
vo 
uo 
do 
Rs 


| 


Net direct costs. . Sn 
Prorated costs, 140 pct of labor 
plus half-maintenance. 
Fixed charges 
Depreciation at 10 pct of 
investment — 1.25 
Property taxes and insurance, 
1 pet of investment........... 0.13 ; 0.08 


oS -if 

ao &2:1o 

ao sn 
Ex 
a 
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Total manufacturing cost, ¢/lb 6.68 
Required cash flow 25 pct return. $1,250,000 
Depreciation. . > pee 500,000 | 


Required profit after taxes $750,000 v $1,200,000 
Required pretax profit.............} 1,560,000 2,060,000 2,500,000 
Manufacturing cost...............] 2,680,000 5,270,000 
Required product value. $4,240,000 $7.770,000 
Required selling price ¢/lb. 
of acetylene 10.6 : 78 


5.27 
$2,000,000 
800,000 




















Comparing Table 3 and Table 4, it is apparent that 
there is a clearcut price advantage for acetylene pro- 
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duced in the Houston area over acetylene produced 
the Los Angeles area. This difference varies from about 
1 cent per pound for plants of the same size to over 
6 cents comparing the largest Houston plant and the 
smallest Los Angeles piant. 


Freight Costs. Freight will compensate for part of this 
advantage. Acetylene itself cannot be economically trans- 
ported in large volumes over any distance. But vinyl 
chloride, the largest acetylene derivative, can be used 
to determine the effect of freight. 

The freight rate for inhibited vinyl chloride monomer 
from Houston to Los Angeles is $2.10 per hundred 
weight in tankcar lots. The rate for polyvinyl chloride 
varies from $1.81 to $2.01 per hundred weight depend- 
ing on the amount, and whether it is shipped in bags 
or bulk. Now, how much of this freight can be credited 
to acetylene? 


Freight Credit. Vinyl chloride is about 40 percent 
acetylene by weight, and about 60 percent hydrogen 
chloride. If the 2-cent-per-pound freight advantage for 
vinyl chloride were distributed to its raw materials on 
a weight basis, acetylene would come up with an ad- 
vantage of 1.8 cents per pound as its share. This is 
computed by using 0.45 pounds of acetylene required 
per pound of vinyl chloride. 

An argument can be made that hydrogen chloride 
should receive none of the freight allowance. One reason 
is that hydrogen chloride is often an unwanted by- 
product of another chemical operation and must be 
disposed of some way. Also, since power costs in the 
Houston and Los Angeles areas are about the same, 
chlorine production costs should be about the same in the 
two areas, for equal size plants. Following this line of 
reasoning, if all freight advantage for vinyl chloride were 
given to acetylene, acetylene would get a credit of over 
4.5 cents per pound. 

One other factor to be taken into account in figuring 
how the freight credit should be split, is the effect of 
the size of the vinyl chloride monomer and polymer 
plants. A 30-million-pound acetylene plant in Los An- 
geles would support about a 70-million-pound vinyl 
chloride plant. In the Houston area, a plant might get 
as large as 150 million pounds. Comparing these ex- 
tremes in size, the large vinyl chloride plant would have 
about a 1 cent per pound advantage over the small 
plant.’ 

The freight advantage to the Los Angeles area can 
vary from 1 to 4.5 cents per pound of acetylene depend- 
ing on the assumptions made. Comparing the required 
selling prices in Tables 3 and 4, the lower limit on 
freight advantage will cover only plants of the same 
size in the two areas. The upper limit, however, would 
cover the differential in all cases except the extreme of 
20 and 100 million pounds. 


Other Factors. There are other factors in addition to 
freight that would work to the advantage of a plant in 
the Los Angeles area. These include such things as better 
delivery, and better technical service. And good tech- 
nical service is important in marketing vinyl resins. 
Taking these plus freight into account, it seems a 
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MORE ACETYLENE FOR THE WEST COAST? . . 


30,000,000-pound plant in Los Angeles could be com- 
petitive. A plant sized for say the 1970 acetylene re- 
quirement would look even better. 


Power Costs. In the Pacific Northwest, low power 
costs make for conditions favorable to the production 
of calcium carbide. Table 5 summarizes costs for pro- 
ducing acetylene in the Northwest by the carbide route. 
The cost buildups are for the same plant sizes as those 
in Table 3. Acetylene selling prices are determined 
the same manner as for Tables 3 and 4.%:%1%11,12 

The cost buildup in Table 5 shows that costs related 
to direct labor constitute the major expense in making 
acetylene from carbide. The process material handling 
problems and the equipment used dictate both high 
operating and maintenance labor costs. These high labor 
costs are reflected again in costs for labor burden, super- 
vision, and general overhead. Costs related to labor 
account for roughly 40 percent of the manufactured 
cost of acetylene by this process. 

Raw material costs account for about 20 percent of 
the total manufacturing cost. Limestone and coke costs 
can vary widely with such factors as location, purity, 
and market conditions. Some carbide producers even 
have their own limestone quarries. 


TABLE 5—Economics for Carbide Acetylene in the Northwest Area 





Plant capacity, ee per year. 


30,000,000 
Investment... . 


$3,500,000 


40,000,000 
$4,400,000 


Cents Per Pound of Acetylene 





Raw materials 
Limestone, chemical ply at 
$4/ton j ban 0.77 
Process coke at $10/ton. eS ; 1.06 
Electrode paste at $18/ ton. OE 0.05 
Labor at $3/hour...... . 1.18 
Utilities 
Power at 3 mills/kwh 
Cooling water at — =. 
Fuel at 36¢/MM Btu 
Chemicals | 
Maintenance at 6 pct of inv estment 
Labor 4.2 percent 
Materials 1.8 percent. . 
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Total direct costs. . , 
Prorated costs, 140 percent operat- 
ing plus maintenance labor. 
Fixed charges 
Depreciation at 10 percent of 
investment 
Property tax and 
insurance at 1 pct , i 0.11 
Total manufacturing cost, ¢/Ib 
of acetylene s . 9.20 
Required cash flow at 25 pct return $1,100,000 
Depreciation 440,000 
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Required profit after taxes P J / $660,000 
Required pretax profit $1,376,000 
Manufacturing cost... . 3,683,000 








Required product value. $5,059,000 
Required selling price 
¢/\b of acetylene. . er é * 12.6 

















The unit costs used in Table 5 for raw materials are 
at the low end of the expected delivered price ranges. 
Limestone costs are further minimized by assuming that 
the dry process for acetylene generation is used. With 
this process, a portion of the lime from the acetylene 
generators can be recycled to the lime kiln in the carbide 
plant. This reduces the amount of limestone purchased. 
Buildup of impurities from the limestone and coke 
limits the proportion of lime recycled. Commercial prac- 
tice ranges between zero and 80 percent. This study 
assumes a 67 percent lime recycle. 

Power costs have been the most important single 
factor in locating large carbide plants. For the cases 
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studied here, three mill power available in the North- 
west holds this cost to about 15 percent of the total 
acetylene manufacturing cost. In other industrial areas, 
as pointed out previously for Los Angeles, power costs 
are often high enough to prohibit the economic pro- 
duction of carbide. 

Comparing the figures in Tables 3 and 5, it is clear 
that low power costs no longer make the carbide route 
to acetylene an automatic winner. While the costs in 
Table 3 are for hydrocarbon acetylene production in 
the Los Angeles area, compensating factors make them 
substantially the same for the Pacific Northwest. 

Costs in the Northwest are higher because natural gas 
costs a cent or two per million Btu more than in Los 
Angeles. Costs are also higher because of winterizing 
requirements. On the other hand, the lower cost of 
electric power not only reduces the direct power costs 
as such, but it also reduces the cost of oxygen. These 
factors compensate each other to the extent that the 
figures of Table 3 are good for the average conditions 
in the Northwest. 

Within the accuracy of the data used, the hydrocarbon 
and carbide routes to acetylene are a standoff in the 
Northwest. Since the bulk of the market for acetylene 
derivatives is in Los Angeles, freight tips the scales in 
favor of a Los Angeles location—the freight on calcium 
carbide from Portland to Los Angeles is $1.01 per 
hundred weight, or about 3 cents per pound of acetylene. 


CONCLUSION 

Summing up, it appears that the potential market for 
acetylene derivatives in 1965 will support a 30,000,000- 
pound acetylene plant. The Los Angeles area looks like 
the logical location for such a plant. The hydrocarbon 
route would be better than calcium carbide for Los 
Angeles conditions. And it looks like such a plant can 
compete with the larger plants and lower costs of the 
Gulf Coast area. 


Originally presented before the California Natural 
Gasoline Association, Oct. 13, 1961, Long Beach, Calif. 


LITERATURE CITED ? 

1 Rhea, Frederic M. Plastics and Polymers in the ~*~ = delivered 
at the Thirteenth Annual Spring Symposium, Chemical arket Research 
Association of Southern Cali — April 13, 1961 

2 The b- Seoad pesos 1961 Edition 

° Staff Re Half Dozen Derivatives Shape Acetylenes Market Growth 
Pros cts ant 1965 a, Week, March 26, 1960 

themical Market Abstracts, Page 6 April 1961 

5 Chemical ee Handbook y Stanford Research Institute 

* Bulletin issued b F Braun & Co., titled, Montecatini Pressure Acetyl- 
ene Process, April Tosi 

7 Private Communication, C. F. Braun & Co., files 

8W. L. Faith, D. B. Keyes, and R. L. Clarke, Industrial Chemicals, 
John Wiley & Sons, Inc. —Second Edition, 1957 

Kirk- Othmer, Encyclo dia ¢. Chemical Technology, The Interscience 
Encyclopedia Inc. w Terk 

»C. L. Manic. Fourth 
Edition, 1960 

11H. A. Curtis, Electroprocess Plants in the TVA Power Service Area, 
jewael st. 7. Electrochemical Society, Volume 101, No. 5, May 1954 

ges ~ 

2G. E. Haddeland, Pacific Carbide and Alloys, Portland, Oregon, Per- 


sonal Communication 


» ev A Engineering, McGraw-Hill, 


’ 


Key Words for Indexing 


Acetylene 
Acrylonitrile 
Carbides 
Costs 
Economics 


Markets 


Neoprene 
Trichloroethylene 
Perchloroethylene 
Vinyl Acetate 
Vinyl Chloride 


HypDROCARBON ProcEssinc & PETROLEUM REFINER 





Equipment Cost 
Data File 


N. H. Prater, Mobay Chemical Co., Pittsburgh, Pa. 
John Mylo, The Chemstrand Corp., Decatur, Ala. 


These small multi-stage pumps are 
used primarily for capacities up to 
200 gpm and pressures up to 200 
psig when handling clear liquids such 
as general water supply, boiler feed- 
ing, brine circulation, pneumatic 
water systems and similar services. 
The estimated cost of this type pump 
can be obtained from this curve. All 
pumps are bronze fitted and are com- 
plete with coupling and frame but do 
not include the cost of a suitable 
drive. 
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Data File 


Double Suction Pumps are used 
primarily for handling water or other 
clear liquids of low viscosity at mod- 
erate pumping heads ranging up to 
300 feet of liquids. The cost of double 
suction, single stage centrifugal 
pumps with horizontally split casing 
can be estimated from this chart. 
These costs are for cast iron, bronze 
fitted pumps complete with base, 
coupling, and mechanical seal, but 
does not include the cost of motor 
drives. 
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CENTRIFUGAL PUMPS 
MULTI-STAGE 
VERTICALLY SPLIT 











- TDH 
B- 3450RPM 400' TDH 
C - 1750RPM 200' TDH 
D - I1750RPM 400' TDH 


100 
Capacity-GPM 





CENTRIFUGAL PUMPS 
DOUBLE SUCTION, SINGLE 
STAGE, HORIZONTALLY SPLIT 











asis: |0O TDH 


1750 RPM 


870 RPM 
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These costs for small multi-stage centrifugal pumps are from firm 
vendor quotations. These prices are based on alloy cast iron vertically 
split casing. Impellers are bronze, enclosed, single suction type. The im- 
peller and shaft assembly are supported between two outboard bearings. 
Current prices for these pumps can be maintained by taking bids from 


time-to-time and correcting the price curve accordingly. 
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Sp. Gr. of Fluid:. 
Operating Temp.: 
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Cost /Ib.: 


These centrifugal pump prices are from firm vendor quotations. By 
taking bids from time to time on similar items and correcting prices 
using a cost index, you can maintain a current Equipment Cost Data 
File. The current Marshal and Stevens cost index to be used with these 
prices is 237. Pump prices for this basic design can be approximately 
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Figure Separations This New Way 


Part 5—A Convergence Method for Absorbers 
Part 6—Minimization of Round-Off Errors 
Part 7—Absorbers With Reboilers 


B. W. Hardy, C. D. Holland, 
Texas A&M, College Station 


L. J. Canik, The Dow Chemical Company, 
Freeport, Texas 


H. L. Bauni, Humble Oil & Refining 
Company, Baytown, Texas 


The rapid ©-method for convergence can also be 
adapted to the special problems of absorbers with re- 
boilers. The procedure developed is an extension of the 
method proposed by Thiele and Geddes** and in which 
round-off error is minimized. Solutions were obtained for 
a wide variety of examples by use of a combination of 
bubble points and the 6-method. Single phase and sepa- 
rated components can be handled by the method. The 
constant-composition method for calculation of enthal- 
pies and the Q-method for making enthalpy balances are 
also used. 


A diagram of the particular unit considered is shown 
in Figure 1. Treybal** has discussed applications of 
columns of this type. Recently, McNeese** used the 
8-method of convergence in the treatment of a stripper- 
stabilizer problem for which W = F = 0. 

The number of plates, the location of the feed plate 
and the column pressure are considered fixed as well as 
the rate, composition and enthalpy of the feed, F, and 
the lean oil stream, L,. To be found are the lean gas and 
rich oil flow rates by component. In Figure 1, when 
specifications such as V, and W, are made, the flow 
rate B is also fixed since it may be calculated by an 
over-all material balance. 

The unit shown in Figure 1 could be considered as a 
special case of a complex column; one without a rectify- 
ing section but with two feeds, F and L,, and with three 
withdrawals, B, W;, and V,. However, when the corre- 
sponding equations given in Part 3 were employed, con- 
vergence was not obtained for some problems. These 
difficulties are overcome by the modifications presented 
here. 


Material Balances. The flow rate of a component to 
and from any given plate may be calculated by means 
of material balances written around either the top or the 
bottom of the column and the given plate. For a given 
set of L/V’s and K’s, the equivalence of corresponding 
flow rates given by each of the material balances is shown 
in a manner analogous to the one presented for absorbers 
and strippers in Part 5. However, when only eight digits 
are used, one method of stating the material balance may 
give less round-off error than another. 
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V, 7 (LEAN Gas) 


L 
LEAN OIL 


(RICH GAS) 


Ww 


R 
RICH OIL) (BoTTOMS) 


FIGURE 1—Absorber with a reboiler and a side-stream. 


When material balances are written around the top. of 
the column and any given plate, the following equations 
are obtained. 


v v; 

ji — j-1,1 | 
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When material balances are written around the bottom 
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of the column and any given plate, the following equa- 
tions apply. 


Ini 
wa oe S.. 
b; “ 


41.4 1 Cyy, (balance around the reboiler) (2a) 


where, 


w Wii Ww L., 
C.,.=1+ 4 ad —* = af et 
i Ce Ly) \b, 


Before either set of equations may be applied, it is 
necessary to calculate the terminal rates of flow, v,; and 
b;. Equivalent expressions for b,/v,,; but of different 
form may be obtained by applying Equations (1) and (2) 
over different sections of the column. In the investigation 
of round-off error, three possibilities were considered. In 
the first, Equation (1) was applied throughout the 
column. In the second, Equation (1) was applied from 
the top of the column down to the feed plate f and 
Equation (2) was applied from the bottom up to the 
feed plate f. In the third, Equation (2) was applied 
throughout the column. 

When Equation (2) is applied throughout, the expres- 
sion for bi/vi; is developed in the following manner. 
Calculations may be commenced at the bottom of the 
column as indicated by Equation (2a) and continued 
until 1;;/b; has been evaluated, which leads to v;;/b; 
since ve; = Syil¢;. Before Equations (2c) through (2d) 
may be applied it is necessary to evaluate b;. Each b, is 
calculated by use of the expression for b;/vi;, derived 
in the following manner. Substitution of the expression 
for 1¢-.,;/b; into Equation (2d) (with j = f—1) fol- 
lowed by continued substitution of the same type leads to 
the following expression: 


‘ en ts 
quran® ae Bis 
b, , ( b, ~=b 


, =S,,S,; ee ye a S 
#=1+58,,+58,,S,; + 


where, 


An over-all material balance gives 


(FX,, + 1,;) 
(Cy, + v,,/0,) 





b, = 
When b; in Equation (3) is replaced by its equivalent 
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as given by Equation (4), the result is 


db; _ Z; 


“Som ()+ C,, (%, —Z,) 





b, 
where, 


Z.= ?, FXp; sj 143i — 9 Vai 
mae FXy; + lo 





In the development of Equation (5), it was supposed 
that L, enters the column as a liquid either at or below 
its bubble point at the column pressure. However, Equa- 
tion (5) applies for a feed F of any thermal condition 
from subcooled liquid to superheated vapor. 

When Equation (1) is applied from the top of the 
column down and Equation (2) from the bottom of the 
column up to the feed plate f, the “match” is said to be 
made at the feed plate f. The corresponding expression 
for b;/vi; is developed in the following manner. When 
Equation (1) is applied successively down to the feed 
plate f, the following expression is obtained 


Vv Vy l 
fi Fi mie aie oi 
2 +. =< =o,+Q, t ... a 
li Vii Vii 


= Tame A,;A9; os Ar-o) Aga 


where, 


>i 


Q = 1+ Aggy + Ap_o,i 


2,1 
’ 


Arig i t-: ‘ 


The left-hand side of Equation (6) may be rewritten in 
the following form. 


ct. Ws ( Yei_\(/_ FX 
b; Vii FXp; Vii 


[i+ es (38) (3-) + ae] 


(7) 

Also, Equation (4) may be solved for v,; instead of bj. 

When the left-hand side of Equation (6) is replaced by 

its equivalent and v,; is eliminated from the resulting 

expression by use of Equation (4), the following expres- 
sion for b;/v¥,; is obtained upon rearrangement. 
b, 

Ya Ye 


b 


i 


where, 
z= 2, FXpi — Vri 
i — Ba) 
FXp; + 1 


When Equation (1) is applied throughout the entire 
column, the expression for b;/v;; is developed in a manner 
analogous to that shown for Equations (5) and (8). 

Effect of Round-Off Error. In order to demonstrate the 
trend in round-off error corresponding to various applica- 
tions of Equations (1) and (2), the results obtained for 
several relatively simple examples are shown in Table 1. 
For all examples considered, Equations (5) and (8) gave 
values of b;/v:; which were in agreement to within seven 
or eight digits out of a possible eight. After b;/v1; had 
been calculated, v;; and b; were evaluated as needed in 
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TABLE 1—Round-Off Error Given By Different Calculational Procedures for Absorbers With Reboilers 


(For all cases shown N= 15, f= 11, W=0, thermal condition of F is boiling point liquid and the absorption factor, A, remains constant 
throughout the column.) 




















Absorption 


CASE NO. Factor A 


Matching 
At The 
Feed Plate f 
(b/v1) Stepwise 


Matching At The Bottom 


Matching At The Top 
(b/v1) Stepwise By Eq. (1) 


(b/v1) Stepwise By Eq. (2) 








(b/v1) Formula (b/v1) Formula 





0.085555555 
9.5555555 
0.095555555 
55555 
0.095555555 
9.5555555 





FXr = le 








* Value calculated by use of Equation (5) (or Equation (8 
** The component enters the column only in the feed F. 


the application of Equations (1) and (2). Because of 
round-off error, the corresponding flow rates calculated 
by use of these equations were not always equal. In order 
to obtain a measure of this error, b;/vi; was also computed 
as an end result given by any calculational procedure. 

For example, consider the case where calculations are 
made down from the top of the column to the feed plate f 
by use of Equation (1) and from the bottom of the 
column up to the feed plate f by use of Equation (2). 
When the feed F enters the column as a liquid at its 
bubble point, successive application of Equation (1) gives 
Vri/Vi; and Equation (2) leads to v;;/b;. Division of the 
former ratio by the latter gives the value of b;/vi; corre- 
sponding to the given calculational procedure. 

The results shown beneath the heading “Matching at 
The Feed Plate f” of Table 1 were obtained in this man- 
ner. Those shown under “Matching at The Top” were 
obtained by applying Equation (2) from the bottom of 
the column to the top. Likewise, those results appearing 
under “Matching at The Bottom” were obtained by ap- 
plication of Equation (1) throughout the column. 

An examination of the results given in Table 1 leads to 
certain generalities. If FX»; = 0 (the component enters 
only in L,), the most accurate set of flow rates for such 
a component is given by application of Equation (2) 
throughout the column. On the other hand if |,; = 0, the 
most accurate results are obtained by application of Equa- 
tion (1) above and Equation (2) below the feed plate f. 
It is also evident that either one or the other of these 
procedures always gives more accurate results than those 
obtained by application of Equation (1) throughout the 
entire column. 

For certain of those components entering in both F 
and L,, the most accurate flow rates throughout the 
column are given by matching at the top of the column; 
whereas, for others, the most accurate results are given 
by matching at the feed plate f. The decision of whether 
to match at the top of the column or the feed plate f 
may be made on the basis of the procedure which gives 
the most accurate results. This may be determined by use 
of the ratio test as shown in Table 1. 


TREATMENT OF SEPARATED AND SINGLE PHASE 
COMPONENTS 


A light component is said to be separated when b;/v;; 
is less than some small, preassigned number of the same 
order of magnitude as the lower limit of the computing 
machine. Thus, separation implies b; = 0. Also for this 
component, w,; may be taken as equal to zero with good 
accuracy, since the side-stream W, is withdrawn only one 
plate above the reboiler. (When the side-stream is with- 
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“(b /vi) Formula* 
1.0042 1.0000 —0.4922 x 10719 
0.9895 1.0000 1.1169 
.0007 1.0000 —0.9845 x 107° 
-1169 —91.9400 1.0000 





1 

1 

3.7518 x 1077 1.0000 1.0000 
—4.6944 x 104 0.4724 1.0000 





drawn any number of plates above the reboiler, W, may 
be evaluated by a calculational procedure which is given 
in Part 6). Thus for a separated light component, vi; = 
1,4 + FXp;. The individual flow rates throughout the 
column are calculated by use of Equation (1). 

A separated light component may also be detected in 
making calculations from the bottom of the column to- 
ward the feed plate f as indicated by Equation (1). If in 
this process, a j is found such that 1;;/b; is greater than 
some larger number of the same order of magnitude as 
the upper limit of the machine, it is readily shown that 
the quantity b;/vi; may be taken equal to zero with good 
accuracy. The remainder of the treatment is the same as 
that stated previously. 

A heavy component is said to be separated when b,/v;; 
is greater than some large preassigned number. Thus, 
Vii = O and bj + wy; = FXp; + 1,:. For such a com- 
ponent, the flow rates throughout the column may be 
calculated by use of Equation (2). 

For a system containing a component in the gas phase 
alone (component 1), a component in the liquid phase 
alone (component c), and separated components (de- 
noted by S), the compositions are calculated by the fol- 
lowing expressions which are developed later. 








(11) 


— if 
Toa 
j 


For separated heavy and light components, the corre- 
sponding indeterminate terms in Equations (9) and (10) 
are replaced by their equivalents 


# 
, and x, —— 
) > ( L, 


Vis on 1 Vis 

( wi) Coee=( %. bs ca anal 
l, ] 
is — js fe, 

( bs ). (Ps) co -( Vis } Wan 


respectively. For separated light and heavy components, 
the formulas for (vg) co and (bs). are given by Equations 
(15) and (39) respectively. These equations are readily 


(12) 
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FIGURE SEPARATIONS THIS NEW WAY... 





TABLE 2——Statement of Examples 1 Through 11 


COMPOSITION OF FEED, FXr EXAMPLE NO. 


COMPONENT 3 1,4 5 6 7 8, 9, 10, 11 





CH 50.0 60 70 
16.666666 lk x 10 
16.666666 < oe 10 
16.666666 3t 


Cal 
Cal 
nC4 


4 
16 
Is 





For Examples 1 through 8, Le = 100 moles of nCs per hr. 
For Examples 9, 10, 11, Le = 30 moles of nCs per hr. 


TABLE 3—Specifications for Examples 1 Through 11 


SPECIFICATIONS FOR EXAMPLES 


1 THROUGH 8 SPECIFICATIONS FOR EXAMPLi. 9 





N = 9,f = 6, Vi = 95, Wi = 20 and cclumn In 
pressure = 400 psia. 


examples 9 through 11, the feed (F) enters the 
column as a vapor at its dew point at the column 
pressure and the lean oil enters at 90° F. 
Y = 9,f = 6, Vi = 95, Wi = 15, and column pressure = 
400 psia. 
Enthalpies are to be calculated ty use of the conven 
tional method. 
Intercoolers and heaters to be used such that for j <f, 
Plate Example S s Vmin. = 95 Vi S 100 = Vmaz. and for j 2 f, 
No. 1 4 ° Vain. = 45 S Vj S 55 = Vamos. 


The feed enters the column as a vapor at its 
dew point. 

Vapor rates are to be fixed at the values 
giver in the following table. 


95 Q: SPECIFICATIONS FOR EXAMPLE 10 
70 
70 é Same as Example 9 except enthalpies re to be cal- 
70 é culated by use of the constant—composition method. 
70 fe 
10-6 d SPECIFICATIONS FOR EXAMPLE lili 
10 ‘ 
10 é Same as Example 10 except that intercoolers (or heat 
10 é ers) are to be used as required to maintain the flow 
10 : rates within the following limits. _ 
for 1 <j < f, Vmin, = 80 S Vj S 200 = Vmax 
and for j > f, Vmin. = 10 S Vj S 100 = Vanaz. 


extended to describe systems containing any number of 
single phase components. When the V;’s and L,’s are all 
unknown except for the specified values of the terminal 
flow rates V,, L,., W; and B, it is recommended that in 
the expressions for the mole fractions that V; and L, be 
calculated as follows: 


w= 2 ( 
ix 1, 


+ 


L, y ( 
ixl,c 


single phase heavy component, the terminal rates, w, 
and b,, are calculated as follows: 


b, he. : 
Ls 


ENTHALPY BALANCES 
Various methods for making enthalpy balances were 
investigated. When the enthalpies were calculated by the 


) 


14) 


These values of V; and L; are to be used only in the 
computation of the compositions. The values of V; and L,; 
based on enthalpy balances are employed in the calcula- 
tion of the A;’s and S,’s. It might be emphasized, that 
when the correct values of the flow rates are known, as 
in the case of the specified values, these should be em- 
ployed in Equations (9) through (12). 

When single phase heavy, single phase light and sep- 
arated components are present, the following equations 
are employed in the convergence procedure. A develop- 
ment of these expressions is given later. 


g, (9., 9, 


) \Vii)eo (Wi Wi 
ca 


(17) 
The terms included in these summations for the separated 
light and heavy components are evaluated later. For a 
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constant-composition method, adiabatic solutions were 
obtained for many problems which required intercoolers 
(or heaters) when the enthalpies were calculated by the 


conventional method (Equations (20) and (21) of Part 
1). In the Q-method for making enthalpy balances, the 
enthalpies may be evaluated by use of either the constant- 
composition or the conventional method. In the equa- 
tions which follow, the constant-composition method is 
employed. 

The Q-method for making enthalpy balances is directed 
toward finding the adiabatic solution (if it exists). If 
adiabatic operation is impossible, intercoolers (or heaters 
are used as required to maintain the flow rates within 
specified limits. Enthalpy balances are initiated at that 
end of the column where all of the flow rates, composi- 
tions, and temperatures are known. Suppose N, f, Vi, B, 
F, L,, the composition and thermal conditions of F and 
L,, and the column pressure are specified. In addition one 
set of minimum and maximum flow rates for all plates 
above plate f and another set for plate f and all plates 
below plate f may be specified. (Actually a set of mini- 
mum and maximum flow rates could be specified for each 
plate in the column.) After a trial calculation through the 
column has been made on the basis of a given set of rates, 
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TABLE 4—Use ©-Method and Bubble Points for Any System With Both Rectifying 


and Stripping Sections 


6-METHOD 


| AV: | | AV: 


EXAMPLE < 0.01 
| Vi 


DIRECT ITERATION 


| 1AVi 
| 
% 


AVi 
| $0.01 -| S 0.001 
Vv 





| 11 
4 ° 8 


* In this case the bouncing was of a random nature. 


i 


s 
Bounced* Bounced* 


TABLE 5—Composition of CH, Throughout 
the Col for E ples 1 and 4 





Example 4 Example 1 


Plate No. y (for CHs) | y (for CHs) 





0.5263 
0.3389 
0.3187 


0.4448 
0.6473 
0.6623 


EXAMPLE 


TABLE 6—Results of “-Method and Bubble Points for Feeds Containing Large Per- 


centages of Methane 


NUMBER OF TRIALS 


1 | | AV: | Restriction of 
0.01 | < 0.001 Temperature 
Vi Profile n* 





0.3167 
0.3164 
0.0713* 
0.0157 
0.0033 
0.0007 
0.0001 


0.6706 
0.6717 
0.8956* 
0.8943 
O.8865 
0.8397 
0.6031 


DONQ re Ohe 


DND Ore WS 


* Composition of the vapor leaving the feed plate. 


* Defined by: T (Assumed for next 


4 


8 


Ll 


qG 


11 


Assumed for previous trial) +n [T (Calculated 


r (Assumed for previous trial)] 


denoted by L;,:, the enthalpy balances may be carried 
out by use of the following equations. 
_V, [H:—H (y:)2] +L, [H(x,)2—hg] 


(H(x,), —h,] 


(20a) 


j-1 
V, [Hi—H (ys)se3] +L, (H(x,);,.—h] + Y Qs 
a 


k 


[H (x;), 


+1 


hy] 
<f 
f- 

V, [H, 


Dg nae 
i/f 


V,[H (yp), 


(H (X¢ 1/f 
+ L,_,—L, Ve 


+1 


L, = \, (H, - Ay) 544] +L, [H(x,); 
[H (x;);,,— hy] 
j-1 
F (H(X,),,,—H]) + ¥ 
cere 
; : \\ 
[H(x;);,,—h,] 
¥,,,99,+1,—1, 


J J 


where, 


Hiiyr;, H 


; total enthalpy of one mole of feed. 


For the given set of specifications, calculations are initiated 
at the top of the column as implied by Equations (20a) 
through (20g). 

The intercooler (or heater) duties are calculated in 
the following manner. Consider any plate j above plate f. 
Suppose a value of L; is computed by Equation (20a 
which satisfies the inequality 
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Ee ix- <L,< (L;,) (i +p) < Lys, 
where p is a number (say 0.1) used to express the per- 
mitted variation between liquid rates for successive trials. 
Then Q, is taken equal to zero, and this value of L; and 
the corresponding value of V;,, as given by Equation 
(20c) are used to make the next trial calculation. How- 
ever, if L; computed by Equation (20b) is too small, for 
example, suppose 


i taoed 


"Ta. 


then the value of L; to be used for the next trial calcu- 
lation is taken equal to (L;,,)/(1 + p). Corresponding 
to this value of L; the vapor rate Vj,, is computed by 
Equation (20c). The intercooler (or heater) duty corre- 
sponding to the vapor rate (L;,,)/(1 + p) is calculated 
by the enthalpy balance 


L, , 
“i uf Cares [TH (x5) 541° -hy]—V, [H, - HA (y,) 5,1 


~L, [H(x_)541— bo] — 2, Quy 2SjiSf—2 


o/ j+1 


When the value of L; calculated by use of Equation (20b) 
is too large, an analogous procedure is followed. The 
intercooler duties for plate: 1 and f-1 are determined in 
a similar manner. This general procedure is continued 
plate by plate throughout the column. After Vy, has 
been determined in this manner, the reboiler duty, 
Or = —Q,,n+1; is given by the following over-all en- 
thalpy balance 


Q.,.w4i = FH + L,h, — V,H, — Bhg — W,hy — 


:= 


»9 


) 
The entire procedure is repeated for each trial calcula- 
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FIGURE SEPARATIONS THIS NEW WAY .. . 


TABLE 7—Solution of Example 4 by 9-Method and Bubble Points 





TEMPERATURE PROFILES (°F)* 
TRI 1O 


sf 


7 . . 





FINAL FLOW RATES 
(TRIAL NO. 17) 


Component vi } wi 





261.0 
344.4 
349.2 
329.9 
281.4 
369.9 
414.2 
453.8 
496.1 
534.6 


| COOBNOQURWNe 


96.83 

19.10 19.95 
1.0306 
1.0673 


Vi (Calculated 


18.58 
W1 (Calculated) . | 


31.44 
0.1108 
0.1244 








1.0029 
1.0036 





CHa 49.998 
CoHe 16.635 


1.063x 10-3 
1 
Cs3Hs 16.141 1 
1 
7 


1x10? 
x10-! 


nC4 10.513 
nCs 1.713 } 1 





43 
940: 
873 
918 


1.0009 
| 











* In Examples | through 8, the initial temperature profile was taken to be linear between 140 and 500°F. 


TABLE 8—Solution of Example 9 By Use of a Combination of the Conventional Method for the 
Calculation of Enthalpies and the Q-Method 


TEMPERATURES, VAPOR RATES AND INTERCOOLER 


or Heater 


TEMPERATURE 
°F, TRIAL NO. TRIAL NO. 
| Initial | 
Profile | 7 | 


PLATE NO. 


VAPOR RATES, 


DUTIES 


FINAL FLOW RATES 
Q.j;, TRIAL NO. Trial No. 27 1A 
| | 


7 27 Component vi 





95.0 

95.0 

100.0 

100.0 

95.0 

47.6 

47.6 

| 55.0 

9 28. 7.8 £0. 55.0 
10 5.E 5 55.0 


Vi (Calculated 
Wi (Calculated 
8 
01 


1.5x105 3.6x 105 
1.8x 104 
7.3x 108 
7.3x 104 
3.8x 105 
2.0x 105 3.1x105 
1.9x105 1.4x105 
2.4x105 | 0.0 

2.6x105 8.2x 104 
2.2x 105 7 .6x 105 


CHs 79.998 
2.9x105 C2He 6.62 
6.4x 104 CsHs 4.81 
2.5x105 nCs 0.38 
6.8x 105 nCs 3.18 


* Initial temperature profile was linear hetween 240 and 465° F with p!ate number. 


tion. For all examples known to have an adiabatic solution 
this procedure gave the same adiabatic solution. Also, for 
all examples considered, this procedure gave a solution. 


ILLUSTRATIVE EXAMPLES 

Results of the investigations described herein show that 
of the convergence procedures considered for absorbers 
with reboilers, the best one consists of a combination of 
the @-method and bubble points. The equilibrium and 
enthalpy data given in Part 5 were used as required in 
the solution of the examples shown herein. The possibility 
of using a combination of the 6-method and dew points 
was investigated and it was found that for systems with a 
large percentage of heavy components in the liquid phase, 
the rate of convergence to the final solution was too slow. 

The possibility of using a combination of bubble points 
and direct iteration (6, = 6; = 1.0) for systems contain- 
ing a large percentage of light components in the gas 
phase was investigated. As shown in Part 5, this procedure 
gave good results for absorbers which contained a large 
percentage of light components in the rich gas. This was 
attributed to the fact that the presence of light hydro- 
carbon components promotes the convergence properties 
of a distillation system. In the case of an absorber with a 
reboiler, the combination of bubble points and direct 
iteration failed to give a solution for Example 4 as shown 
in Tables 2 through 5. However, the combination of the 
@-method and bubble points did give a satisfactory solu- 
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tion of Example 4, as shown in Table 7. The failure of 
direct iteration to give a solution for Example 4 was 
attributed to the fact that the stripping section contained 
very little methane. This conclusion is supported by the 
fact that a solution for Example 1 was obtained by direct 
iteration. As shown in Tables 3 and 5, this example con- 
tained a considerable amount of methane in the stripping 
as well as the rectifying section. It may be concluded that 
the convergence tendency of the system is reduced when 
the stripping section contains a small amount of light com- 
ponents. Thus, for columns containing both rectifying and 
stripping sections, the use of direct iteration is not recom- 
mended. Instead a combination of the 6-method and 
bubble points is recommended for all systems which con- 
tain both rectifying and stripping sections. The results 
shown in Table 6 indicate that by placing suitable restric- 
tions on the variation of the temperature profiles to be 
used for making successive trials through the column, 
systems composed almost entirely of very light components 
may be successfully treated by use of a combination of the 
0-method and bubble points. 

The formulas for single phase and separated com- 
ponents were investigated and found to be satisfactory. 
Numerical examples are shown in Reference (26). The 
various methods described herein for making enthalpy 
balances were investigated. 

In the solution of Example 9, Table 8, the enthalpies 
were calculated by the conventional method, and the 
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TABLE 9—Solution of Example 10 By Use of the Constant Composition and the Q-Method | 








TEMPERATURES, VAPOR RATES AND INTERCOOLER 









































(or Heater) DUTIES 
~~ "TEMPERATURE VAPOR RATES, FINAL FLOW RATES 
°F, TRIAL NO. TRIAL Qu, TRIAL NO. 1 No. 27) 
Initial | ‘| 
PLATE NO. | 7* 7 Profile 7 7 | 27 Component v1 wi 
i. | 190.8 206.3 5.0 95.0 1.8x105 | —2.3x108 CHa 79.998 1.11x10-8 
as | 196.4 199.8 97, 5 100.0 1.4x104 1.1x104 CoHs 6.63 2.46x107 
3. | 194.1 184.7 97.5 100.0 | —1.2x106 0.0 C3He 5.27 0.95 
4. | 175.5 | 160.5 97.5 100.0 7.6x104 6.5x10# nC4 0.53 3.68 
5.. | 46.0 47.9 97.5 100.0 | 6.2x105 6.3x105 nCs 2.55 10.34 
6. | 244.1 221.3 50. 45.0 2:4x108 | —3.7x108 
z.. | 302.6 286.5 50.0 50.0 1.6x105 1.3x105 
eo: 362.5 345.0 50.0 55.0 6.4x104 |: 2.6x 103 
9... | 434.0 421.2 50.0 55.0 1.5x105 ~1.2x105 
eat | 485.9 480.4 50.0 55.0 6.6x105 6.4x108 
Vi (Calculated) 95.14 95.05 
W1 (Calculated)... 14.85 14.99 
60 1.036 1.014 
61 1.046 1.011 








* Initial temperature geile was linear ‘bain n 240 and 465° F with plate number. 





TABLE 10—Adiabatic Satesion “ # Gxempto W Oyt Use of me Constent-Compocition and the @-Mothed 














TEMPERATURES, VAPOR RATES AND INTERCOOLER 


(or Heater) DUTIES 





FINAL FLOW RATES 






































| ‘TEMPERATURE °F, “TRIAL NO. VAPOR RA RATES, TRIAL } NO. (Trial No. 27) 
Initial 
PLATE NO. 7* 17 27 Profile 7 17 27 Component v1 wi 
oe 148.1 131.0 129.4 95.0 95.0 95.0 95.0 CHa 79.999 8.270x10~* 
2... 158.6 148.3 147.2 97.5 108.4 107.2 106.8 CaHe 6.655 8.777x10% 
er 159.7 157.4 157.2 97.5 113.6 110.9 110.5 CsHs 6.267 0.2817 
4. 152.1 160.8 161.1 97.5 115.8 113.3 113.1 nC4 1.511 3.203 
- 146.6 156.0 156.3 156.3 117.4 115.6 115.6 nCs 0.5667 | 11.506 
6. 270.4 267.3 268.3 50.0 20.0 21.1 21.4 : ye 
we 316.2 329.8 331.3 50.0 46.2 56.0 57.0 
8.. 377.3 392.4 394.2 50.0 60.4 66.2 67.0 
9.. 446.5 454.4 455.5 50.0 64.4 68.7 70.0 | 
ere 492.5 494.9 495.3 50. 0 79.1 83.3 84.6 | 
Vi (C tastatedt 94.79 94.97 94.996 All inhescoclers (or heater) duties were zero except the reboiler duty which 
W1 (Calculated) 14.94 14.98 14.996 was 9.84x105 per hour for Trial No. 27. 
60 . +“ 0.914 0.984 0.998 
61 0.933 0.989 0.990 
i 




















* Initial temperature profile was linear between 240 and 465° F with plate number. 


enthalpy balances were made by use of the Q-method. An 
intercooler (or heater) was required for each plate. Ex- 
ample 10 is the same as Example 9, except that the 
enthalpies were computed by use of the constant-composi- 
tion method. The solution for Example 10 (Table 9) is 
seen to be closer to an adiabatic solution than the one 
obtained for Example 9. When more liberal restrictions 
were placed on the flow rates, the adiabatic solution shown 
in Table 10 for Example 11 was obtained by use of the 
constant-composition and Q-methods. For this same set 
of restriction, the conventional method did not yield an 
adiabatic solution. These examples demonstrate that the 
constant-composition method converges either to or to- 
ward the adiabatic solution. 
Development of the g-Functions and the Expressions for the 
Calculation of the Compositions 

Development of the g-Functions 

When a system does not contain separated and single phase 
components, the formulas developed herein reduce to those 
shown in Part 3. In the following development it is supposed 
that the V;’s and L,’s are fixed throughout the column by use 
of intercoolers (or heaters). For purposes of simplicity, the 
development is shown first for distributed and single phase com- 
ponents, and then the final results are modified as required to 
describe systems which contain separated lights and heavies. In 
the following arguments the feed is supposed to consist of volatile 
components and a single phase light (component 1) and a single 
phase heavy (component c). 

It is desired to find a set of corrected values for vii, bi and wi: 
which are both in component balance 


FX»; +1, — (Vasco + (Wiideo + (bi) cos if 1,c 


and which satisfy the specifications V: and W:; that is 


(23) 
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: y 
Vv, ba Vc - (Viideo (24) 
izti,ec 
wee, » 7- 
Ww, ~ Wie “ —_ (Wii )eo (25) 
ts*i,c 


Following the same arguments given in the treatment of ab- 
sorbers, it is postulated that for all of the distributed components 


(Vs ico = 9% ( . 
- ii 
(1s4) co aa tT; ies eT; (by) cos 
i ca 


A formula for (vii) co may be obtained in the following manner. 
Suppose a plate to exist above plate 1 in which all of the com- 
ponents except the single phase light are condensed to the liquid 


i#x1,c (26) 


ix 1,« (27) 


phase. For this stage, Equation (27) reduces to 
= Vii 
(v, i ws Siok T> (CH). (b; ) co 
or, 
(=*) =, (=) (28) 
Vii/ co Viisca 
where, 9, = 1/7,. 


Alternately, this relationship may be obtained by use of Equation 
(26). In this approach all components except c are supposed to 
be completely vaporized on the additional plate Nt 2. Also, 
this leads to the result 
x42 555 1/7, —_ 8, 
Now suppose some of the liquid leaving plate p is withdrawn 
as a side-stream. Since 
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FIGURE SEPARATIONS THIS NEW WAY... 


(Wii) co * 
it follows by application of Equation 


(Wis) oo = %p a (bi) oo = 
b; ca 


Elimination of (bi 


(W,/L,) (1 


p pi/’ co? 


(27) ci 


fe) (3), 0 


o by use of Equation (28) yields 


( Wii = 0, (+) 
Vii J co Vii Ja 


where the quantity 9, is defined by 
a= Tp 8, (31) 


If a side-stream is withdrawn at the rate W; from the vapor 
leaving plate p, application of Equation (26) yields 


(=) = 0, (=) (32) 
Vii co Vii ca 


(W,/V,) (¥pi) co = (W14) co and 9, is equal to ¢, by definition. 


since 


Equations (23), (28) and (32) may be combined to give the 
formula for (v1:)co, Equation (15). The 8’s are determined so 
the specifications represented by Equations (24) and (25) are 
satisfied. Thus, the g-functions readily follow from these equa- 
tions. 

Development of the Formulas for the Calculation of Compositions 

By the postulates represented by Equations (26) and (27), it 
follows that 


By the conventional definition of the mole fracticn and by use of 
Equations (26) and (33) 


, one obtains 


Elimination of the quantity ¢; from this expression by use of 
Equation (33) yields 


(Vs — vj1) “ 
¥;; = -—_—--_, a —, i I1,c 


S 


Treatment of Systems Containing Separated Components 
The formulas developed for distributed components are ap- 
plicable to separated components, provided the indeterminate 
terms for the separated components are replaced by their equiva- 
lents. For a separated heavy component, the term (vjs/Vvis) ca 
(vis) co is indeterminate, since 
ge . a 
v os “alee 
18/ca (Vis) ce 0 
The limit of the indeterminate is found by restating the original 
expression as follows: 


=) (vis) =(42) (2) (v1.9) 
(= ca Kgs bs Jea \ Vis J ca _— 


Replacing (v,,),, by its equivalent as given by Equation (28) 


yields 
Vis wii e bg 1 \/%is ] 
(75). =| )_2)..| | (a )() 


which reduces to the formula given by Equation (12). In th 
same manner, the equivalent form for (1js/bs) ca (bs)co as given 
by Equation (12), is obtained. 

For a separated heavy component, both (vi:)ea and (vi1) co 
are zero. The formulas for (wis)co and (bs) co for a separated 
heavy component are developed in the following manner. Divi- 
sion of the members of Equation (28) by the corresponding 
members of Equation (32) yields 
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0 
bs : ee ee (37) 
Wis J co 8, “ny. 


Since (vis)co = 0, the material balance to be satisfied by the 
corrected terminal rates for a separated heavy component is as 


follows: 
(Wis) co + (bg) oo 
Solving Equation (38) for (wis)eo and replacing (bs/wis)co by 


its equivalent as given by Equation (37) yields the desired 
formula 


= FXps + ls (38) 


FXps + ls 


8, a (39) 
6s (=) ( =). 


In Equation (17), this formula for a separated heavy component 
is used instead of Equation (32). In the same way that Equation 
(39) was developed, it is readily shown that 


FXps + ls 


+(%) &)_ 00 


For a separated light component, Equations (15) and (32) 
may be employed for the calculation of (vis)co and (Wis) co, 
respectively. 

It is to be observed that the formulas (Equations (13) and 
(14)) recommended for the calculation of the V,;’s and Ly,’s 
(where these quantities are not specified) are obtained from 
Equations (33) and (34) by taking 9;—=7;—1. When con- 
vergence is obtained, this value for 9; and 7 is correct for all j. 
Also, for any trial calculation, 9; = Tx+: = 1, which follows from 
Equations (26) and (27). 
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D. I. S. STRIPS 
10-INCH SCALE FROM 
12-INCH PIPELINE 

IN JUST ONE DAY! 


From these three methods, D. |. S. selects the one 
best suited to your specific pipe-cleaning problem. 


ee ee @ 


In most cases inhibited chemical 
solvents are used to dissolve scale. 


SOLVENTS JETS © BRUSHES 


Vom Ns 
PMY 


For certain deposits in large-diameter pipelines, 
a pipeline pig supplements solvent cleaning 


High-pressure jet moles remove depos- 
its where other methods can't be used 
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Dense scale deposits of oxides, sul- 
fides and sulphur—10 inches thick 
in some places—clogged a 12-inch 
fuel supply line. Dow Industrial 
Service engineers stripped every 
trace of deposits from this 750- 
foot pipeline—restoring full ca- 
pacity—in just 24 hours! 

Solvents and a pipeline pig did the 
job. But for different conditions, 
D. I. S. uses other techniques to 
get the same result. For example, 
when scale blocked a 24-inch, 
quarter-mile-long waste line, 
D. I. S. engineers knocked out the 
deposits with a special D. I. S.-de- 
signed jet mole. Though this 
underground pipeline was buried 
10 feet deep, D. I. S. cleaned it 
completely in only 16 hours! 
Nation-wide Dow Industrial Service 
first analyzes the job to be done, 
then selects the technique which 


will do the best job, fastest. D.I.S. 
cleans all kinds of lines—fresh 
water, boiler feed-water, gas, 
waste and other lines—and every 
kind of process and heat exchange 
equipment. 


In addition, D. I. S. offers com- 
plete consulting laboratory service 
for water treatment and waste 
processing problems, backed by the 
technical resources of The Dow 
Chemical Company. For cleaning 
any kind of equipment, anywhere 
in the U. S., write or call Dow 


INDUSTRIAL SERVICE, 20575 
Center Ridge Road, Cleveland 16, 
Ohio. Dept. HP&PR12. 


em, 
oT ett 


DOW INDUSTRIAL SERVICE = Division of The Dow Chemical Company 


For more data on advertised products, use cards, last page. 
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A Teaching 
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Machine 


Is in Your Future 


Dr. Hobart G. Osburn 


University of Houston 


Do you need a refresher course in 
probability and statistics? Do you 
need to brush up on your computer 
mathematics? Do you need additional 
technical training in a wide variety of 
subjects? If you do, a teaching ma- 
chine may well be in your future. 

Experts are freely predicting that 
teaching machines and programed 
instruction will revolutionize educa- 
tion and training. It is estimated that 
about 100 different devices for pre- 
senting programed learning materials 
are in being or under development. 
Research and development teams 
throughout the country are working 
on new programs. Available experi- 
mental evidence suggests that well 
planned and tested programs are far 
more efficient than lecture and dem- 
onstration methods in teaching tech- 
nical subjects. 


What Is Programed Instruction? 
How does programed instruction 
work and why does it appear so prom- 
ising? The following example illu- 
strates the general method. 
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CST AGRON RE TERA TR AREA EST 


Visualize yourself as being seated 
before a small metal box with win- 
dows and levers. Your task is to learn 
how to read a permutation. You turn 
a lever which advances the paper in 
the box and the first question comes 
up in the question window. Fill in the 
blank as you read. 


The letters ABCD are written in 
alphabetical order. A is the first 
position; B is in the second posi- 
tion; C is in the _____ position; 
and D is in the _____ position. 


You write your answer in the re- 
sponse window. More than likely you 
responded “third” in the first blank 
and “fourth” in the second blank. 
You then push a lever which advances 
your own answer under a plexiglass 
cover and exposes the correct answers 
“third” and “fourth” in the confirma- 
tion window. You check your answer 
with the correct answer and score 
yourself as either correct or incorrect. 
You then turn the roller to expose the 
next question. 


The letters BACD are obviously 
not in alphabetical order. In this 
arrangement B is in the - 


position; A is in the 
tion; C is in the _ 
and D is in the - 


posi- 
position; 
position. 


Again you write your answer in the 
response window; and, after having 
made your response, expose the cor- 
rect answers “first,” “second,” “third,” 
and “fourth” to determine whether 
or not your answers are correct. Hav- 
ing done this and scored yourself 
right or wrong, the next question is 
exposed. 


ABCD can be rearranged or 
mapped into BACD by inter- 
changing the letters in the first 
and - . postions. 


The same procedure is repeated as 
before until the next question is ex- 


posed. 


Rearranging the order of four 
letters is called a permutation on 
four letters. Mapping or - : 
ABCD into BACD is written as 
follows. 

(12) 
ABCD > BACD 


You continue to work through the 
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A TEACHING MACHINE IS IN YOUR FUTURE 


first lesson on permutations in this 
fashion. Finally you get to such prob- 
lems as (1234) times (1342) ?, At 
the end of the lesson you return to 
the questions you missed until all 


questions are answered correctly. You 


move on to the next lesson and repeat 
the procedure until all lessons are 
completely mastered. 

The box you are using is called a 
teaching machine. The subject matte 
being taught is the mathematics of 
permutations. The plan by which the 
subject matter is presented is called 
the program. The whole process in- 
volving the learner, the subject mat- 
ter, the machine, and the program are 
variously referred to as programed 
instruction, self-educational methods, 
self-tutoring, automated instruction 
to name some of the most common 
descriptive phrases. 

From a programed learning point 
of view there are three key elements 
in the situation—the learner, the 
machine and the And of 
these three elements the most impor- 


program. 


tant is the program. As can be seen 
from the above example, the teaching 
machine does not in itself teach but 
serves to bring the learner into con- 
tact with the program in a controlled 
The 
with the program 
intelligent human being. If the pro- 
eram is inefficient or trivial, then the 
learning will be inefficient or trivial. 


burden of instruction is 


a product of an 


way. 


As may be noted from the example 
given above, the program consists of a 
finely graded series of questions that 
and tests the 
learner as to whether or not he has 
assimilated the information. The main 
objective of programing is the se- 
quencing of the subject matter in 
such a way that the learner goes from 
an initial state of relative ignorance 


presents information 


to a final state of mastery of the sub- 
ject in a reasonably smooth progres- 
sion. In the type of program illus- 
trated above the learner is required to 
compose his answers and is given im- 
mediate knowledge on every item as 
to whether or not his answer is cor- 
rect. The machine is so constructed 
that the learner cannot, without de- 
tection, expose the correct answel 
prior to making his own answer to 


the question. 


Programed Learning in Industry. 
Programed learning, in its present 
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stage, is best for teaching mental- 
manipulative skills. For the present at 
least, it will be in these areas that it 
will best apply to business and indus- 
try. 

Programed learning has 
unique aspects that make it especially 
suited for industrial training. First, 
instruction is individualized. Provided 
that suitable programs are available, 


some 


or can. be constructed, the instruction 
the individual’s 
needs. This is not possible with con- 
ventional methods. 


can be tailored to 


Second, in- 


struction is paced by the learner. This 


programed-learning 


has a number of advantages: 

@ It allows faster learners to com- 
plete training more rapidly. 

@ It makes sure that slow learners 
assimilate the instruction thoroughly 
even though they may have to spend 
a longer time on the program. 

Programed learning will result in 
a much more uniform output from 
training than can be achieved con- 
ventionally. This is because the stu- 
dent, in working through a program, 
works until all items are answered 
correctly. The results: students’ grasp 
and knowledge of the subject matter 
at the end of training is less variable 
compared to conventional methods. 
This characteristic of programed 
learning should yield a more stand- 
ardized from training 
grams, and more uniform transfer of 
training to on-the-job skills. 


output pro- 


Birth of the Teaching Machine. 
The major impetus in the develop- 
ment of teaching machines and pro- 
gramed instruction came from the 
work of Dr. B. F. Skinner, Professor 
of Psychology at Harvard University. 
Although there was a short burst of 
activity in the 1920s, the current in- 
terest in this field can be dated from 
the publication in 1954 of Dr. Skin- 
ner’s now famous paper, “The Science 
of Learning and the Art of Teach- 
ing.” The major point of this paper 
was that knowledge gained from basic 
studies on the learning process could 
be applied to education and training 
through programed instruction. 


Conditions for Effective Learning. 
The teaching machine and its pro- 
gram should not be confused with 
other types of audio-visual aids, such 
as closed-circuit television or instruc- 


HypDROCARBON 


tional films. These attempt to auto- 
mate group instruction in the lecture- 
demonstration form. Teaching 
machines attempt to automate the 
tutorial process in an economically 
feasible way. 

Tutorial methods incorporate many 
of the conditions for efficient learning. 
These conditions may be summarized 
in a general way in terms of principles 
derived from _ basic the 
learning process. 


studies on 

One principle sometimes over- 
looked is the need to draw the learn- 
er’s attention to the relevant aspects 
of the material to be learned. Closely 
related to this is the principle that the 
learner’s active participation is re- 
quired. Programed learning, by break- 
ing up 
and requiring the learner to respond 


he subject into small units, 


to each, effectively insures the desired 
focusing of attention. 

Probably the biggest advantage of 
the tutorial method is that the learner 
can see the results of his performance 
right away. Learning is more efficient 
when the students gets immediate 
feedback regarding the correctness of 
his In programed instruc- 
feedback is 


response 
tion, almost continuous 
because the learner must respond fre- 
quently, and gets immediate knowl- 
edge of results after each response. 
The object of programing is to re- 
inforce correct responses with knowl- 
edge of results. There is no point to 
letting the learner make errors if they 
can be avoided. The learner should 
go from ignorance to mastery of the 
subject with few errors, Arranging the 
subject matter in a way that will cut 
down errors by the learner, then, is 
the main task of programing. If the 
learner is correct most of the time, he 
will be interested and motivated, if 
information successively added is not 
trivial. 
Program Analysis. As mentioned 
earlier, a good program is the key to 
programed learning. At present, pro- 
graming is more art than science. 
Fortunately, in the evaluation of a 
program we need not rely on subjec- 
tive judgment alone. One great ad- 
vantage of programed learning is 
that the learner’s responses are avail- 
able for study. Thus, a “trial run” can 
be made on a group of students to 
locate weaknesses in the program. 
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Because the learner must respond 
to very small units of the subject mat- 
ter, each unit or item can be analyzed 
separately. Evaluation is based upon 
the percent of errors on each item. An 
item with many indicates a 
need for revision. Thus, one impor- 
tant criterion for evaluating a pro- 
gram is the error rate, as assessed on 
a sample of the type of learner for 
whom the program is intended. 


errors 


However, a low error rate, while 
necessary for a good program is not 
sufficient. A program may show a low 
error rate but offer trivial coverage of 
the subject. must 
also be evaluated by subject-matter 


‘hus, a program 
experts to determine adequacy and 
clarity of coverage. 

The few reviews of published pro- 
erams have criticized them more on 
the basis of inadequate subject-matter 
analysis rather than deficiencies in the 
program's learnability. This may be 
due in part to the lack of published 
data necessary to judge program ef- 
ficiency from a learning point of view. 
We 
many programs on the market with 
various degrees of inadequate testing. 


can expect to continue to see 


Two Types of Programs. Since pro- 
graming is in early development, sev- 
eral unresolved controversies have 
come up. One is a question regarding 
the need for so-called branching pro- 
grams. A branching program is one in 
which presentation of a question is to 
some degree a function of the learn- 
er’s responses to previous questions. 
Here an error is taken as an indica- 
tion that the student is having diffi- 
culty, and the program branches in 
an attempt to clear it up. 

is to reduce errors 
by a non-branching program. With 
present techniques branching is only 
feasible in many subject areas, when 
answers are multiple choice. Thus, 


The other view 


branching versus linear programs, 
multiple-choice versus composed an- 
swers are both related problems in 
programing and machine design. 
New programs are under develop- 
ment for various subjects. Much of 
the work is in mathematics and lan- 
guages. Both subjects are difficult to 
learn conventionally and offer great 
promise for the programed learning 
method. Many, but by no means all, 
programs fall in these two areas. 
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What Can a Teaching Machine 
Do? A teaching machine is a device 
that presents information to the stu- 
dent and controls his behavior in a 
predetermined, interacting way. At a 
minimum, it must display informa- 
tion. It must enable the learner to 
make responses, and must be able to 
inform the learner if his answer is cor- 
rect. It should record the learner’s 
responses and its correctness. And, 
some of the more refined devices can 
select the next item of information 
to be presented as determined by the 
learner’s previous responses. 

Teaching machines differ widely in 
configurations and capabilities. Vari- 
ous media information are used: 
printed paper, slide projection, film 
strips, tape recordings, etc. Machines 
also differ in how the student makes 
his response: pressing buttons, writ- 
ing on paper tape, using a typewriter 
keyboard, etc. 

All teaching machines indicate 
the learner’s answer 
is correct. In most composed-answer 
machines this is done by a mechanism 
on the machine which, 
vated, exposes the 
The student compare his 
answer with the Some 
machines, in going over the lesson the 
second time, omit items to which the 
learner responded correctly. Then, he 
only has to rework those he missed 
on the first exposure. 


whether or not 


when acti- 
correct 
then 
correct 


answer. 
can 


one. 


Kinds of Teaching Machines. In 
addition to the simple, mechanical 
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teaching machines a few complex 
ones have been developed. These are 
electronic rather than mechanical, 
and utilize computers as the 
program storage and unit. 
These machines are adaptive, in that 
they adjust or select the presentation 
function of the 
learner’s previous responses. 


some 
selector 


of information as a 


A variety of machines are under 
development. Many of the models in 
wholly mechanical, but the 
teaching machine of the 


use are 
future will 
probably be electronic. There is good 
reason to believe the program will be 
presented on microfilm. The type- 
writer keyboard seems to be an ex- 
cellent response mode. 


The Programed Text. One simple 
device that does a job similar to that 
of the teaching machine is a special 
programed textbook. A programed 
text differs from a conventional one in 
that it has two types of pages—infor- 
mation-question pages and immedi- 
ately after, the answer page. Typi- 
cally, the information-question page 
has information to be taught, a prob- 
lem or question, and space for the 
learner to answer. Once he has done 
this, he turns to the answer page and 
reads the answer. He then 
goes to the next information-question 
page, and so on through the book. 


correct 


The ‘Scrambled’ Text. Another de- 
vice is the “scrambled” textbook. The 
scrambled textbook differs from the 
programed textbook both in format 
and in underlying programing rules. 
With a textbook, the 
learner starts on the first page. Soon 


scrambled 


he is covering pages in a sequence 
that jumps back and forth 
the name scrambled _ textbook. 


hence 


The page numbers are not scram- 
bled, but the student reads the pages 
in a scrambled sequence. The se- 
quence he follows depends upon an- 


swers he gives to the questions. This 


is the branching program technique. 


Both types of texts have one impor- 
tant disadvantage: They allow the 
learner to “cheat” by looking ahead 
before answering. 

It is expected that for many appli- 
cations of programed instruction the 
programed o1 scrambled text format 
will be more appropriate than using 


_—_ 


an actual machine. 
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PART 3) MANAGEMENT DEVELOPMENT: 
PAST, PRESENT, FUTURE 


A Look at Tomorrow's 


Management Development 


Charles H. Vervalin 
Hydrocaron Processing & Petroleum Refiner Staff 


In Part 2, last month, we took a look at the broad 
panorama of today’s management development. The only 
question to resolve now is how many of today’s training 
techniques will be tomorrow’s fads, and what will be the 
general trends in development during the next decade? 
To get the answers, I have talked with many training 
directors and made an extensive search of the literature 
dealing with specific techniques not yet being widely 
used, but which seem promising. However, let’s first ex- 
amine the philosophy of a “typical” current program, 
and contrast it with its counterpart of the future. 

The basic approach now used in setting up a develop- 
ment program involves appraisals and inventories of the 
management group, usually conducted by the Industrial 
Relations, Personnel, or Training departments. Results 
from these appraisals, which presumably point up “weak- 
nesses” in individuals or groups, are used to create or 
upgrade the development program. Often, the result is 
that the program centers on a specialized aspect of de- 
velopment, such as job rotation, whereby the trainee can 
“grow.” Specialized courses are set up dealing with 
various personal and administrative problems. 

The problem is—such programs seldom show a “great 
and immediate return” on the company investment. 
Therefore, management too often views certain aspects 
of the program as “expendable”—sort of an interesting 
“fringe” function of the company’s operations that can 
be cut back at the first sign of a need for “austerity.” 
When this happens, as it frequently has in the last few 
years, the prophets of doom who view management de- 
velopment as “faddish” can say “I told you so.” 


Tomorrow’s Hope, The big hope for the future in man- 
agement development lies in the kind of program that, 
rather than being procedure-oriented, is geared to the 
planned, accelerated maturation of the total management 
group through gaining of knowledge, increases in skills, 
and growth toward greater over-all maturity. It is this 
type of deep “breadth” training that cannot be easily 
dismissed during times of financial stress. Fortunately 
many companies have captured the spirit of the “mind 
stretching” approach to management development, and 
the future of management development is pointed clearly 
in this direction. 
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“Mind stretching”—that is, the development approach 
which ideally leads to a cosmopolitan, panoramic view 
of industrial operation and management—will be the fu- 
ture vogue for a very important reason. The U.S. Labor 
Department reports that between 1955-75 professional- 
technical employes will increase until they are about 40 
percent of the workforce. 

While this trend won’t prevail in all industries, the 
HPI will certainly, as it has already demonstrated, see a 
drastically increased ratio of professional-technical em- 
ployes to production workers. Thus the industrial man- 
ager of the future will usually be an engineer or scientist. 
This trend is not likely to change. 

This brings us to the interesting paradox of the engi- 
neer—a highly specialized, mechanistic individual—faced 
with the possibility of going into management, where 
generalities, versatility, and flexibility are qualities so 
highly prized. As a manager his tools are often subjective 
and intangible. This is just the opposite of where his 
objective, quantitative training has led him. Thus, the 
engineer’s need for “breadth” training in the broad 
areas of human relations, economics, etc., is clearly 
demonstrated, as is his need to begin developing these 
skills early in his career. 


How will tomorrow’s management development tech- 
niques go about helping the engineer “broaden” himself 
in preparation for management responsibilities? There 
are many ways, but the following discussion covers some 
of the key techniques likely to be used in tomorrow’s 
management training. 


Business ‘Games’. One of the methods that looks prom- 
ising for future management development is the so-called 
business “game,” or business simulation. The business 
game is already being used successfully by a number of 
companies. For example, one survey claims that more 
than 30,000 executives and thousands of college students 
have played business games. 


Learning about business by problem solving originated 
with the case-history method. But unlike case studies, 
gaming involves make-believe business problems submitted 
to players acting as a group. There are many approaches 
to business games, sometimes involving detailed mathe- 
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The manager of tomorrow will have training in the broad spectrum of corporate 


life. The so-called business “game”, programmed learning, closed-circuit TV, 
and tape recorders are some of the devices that will teach him. 


matical analyses, and some involving problems less ame- 
nable to quantitative measure. 

Management games have been designed for many 
kinds of problems, with “realism” as the key word. The 
rules ,of successful business games are usually simple 
enough so they can be played after a brief introduction. 
The game’s total time span should be relatively short, a 
factor that makes computers useful, if not mandatory, in 
connection with complex problems. 

The most common business games deal with general 
management—each player taking the role of a top execu- 
tive of a firm competing with executives of other com- 
panies playing the game. At the beginning, all players’ 
firms have the same financial standing and the same 
choices available, and all players are given the same op- 
erating date. Their decisions, which may involve produc- 
tion, R & D, marketing, costs, prices, etc., can be tested 
by computer checkout. The computer allocates sales 
among playing “companies” and produces financial state- 
ments. 

Gaming trains players in the methods of decision 
making, rather than minute details involving time-con- 
suming statistics. Gaming’s validity as a teacher cannot 
yet be objectively determined, but there are certain ad- 
vantages to using the approach. For one thing games are 
set up so players are forced to make decisions, study re- 
sponses—then face the problem’s next aspect. All this is 
done very quickly. In the process, the player becomes 
emotionally involved, just as he would in business. It is 
assumed that his reaction patterns will carry over into 
his real job. 

Management games will also be used more and more 
as diagnostic tools. The very act of creating realistic 
games offers an insight into the company’s operations. 
Further, business games are educational. They help a 
member of one part of management understand the 
problems faced by other functions within the firm. For 
example, the R & D engineer, by playing a marketing 
game, has an unusual chance to see the problems that 
marketing executives face. 

There has been some criticism of management gaming. 
Some feel the “time lags” of real problems versus those 
in the game are not truly realistic, and therefore bias 
decisions. Others feel the human factor involved in 
customer behavior, union action, clerical errors, etc., is 
too variable to accurately simulate in a game. Still others 
charge that traditional economic principles, on which 
games are often based, are not always the best for sound 
decisions. 

Nevertheless, business-game research into management 
problems will undoubtedly be explored further as the 
growing emphasis on management development and 
training extends the range for learning devices. One 
possible outcome is that games will be combined with the 
traditional case study method. 

Meanwhile, many companies are already diving head- 
long into this interesting and challenging approach to 
management development. For example Shell Interna- 
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tional Petroleum is using a computer game known as 
SIMPLEX (Simulated Planning by Executives). To 
quote the company’s own description: “The name ‘Sim- 
plex’ was chosen to emphasize that the ‘game’ is not a 
frivolous pastime, but a scientifically planned exercise, 
based on the hard facts of competitive business, and in- 
tended to achieve clearly defined and limited ends. It 
consists of a controlled business situation in which a 
team competes against intelligent adversaries and/or 
environment to attain predetermined objectives.” 

Other games are being used, both with and without a 
computer, by Esso Research & Engineering, Humble, 
Creole Petroleum, Imperial Oil, Allied Chemical and 
many others in the HPI. The practicality of these games 
is illustrated by the fact that the ones used by Esso and 
Humble deal with such vital subjects as empirical re- 
search and financial aspects of refinery operations. Allied 
is analyzing complex maintenance problems. 


Teaching Machines. Management development will see 
more and more use of teaching machines, or, if you 
prefer, programmed learning, about which there is an 
article on page 171 of this issue. One criticism of some 
aspects of current management development is time con- 
sumption. Programmed learning, because it is fast will 
become an integral part of management training in the 
next few years. There are many sound reasons for this 
conclusion. To begin with, like most modern examples 
made possible by science, programmed learning is simply 
a practical application of the known fact that learning is 
most rapid, pleasant and permanent when the learner 
proceeds slowly. By small, easy steps, he tests his under- 
standing as he progresses, and avoids errors along the 
way. 

Programmed instruction applies this discovery simply 
and literally. It subdivides the subject matter into small 
bits of information, arranges these in a rational, cumula- 
tive sequence, and gives the learner a chance to check 
his progress. 

Why is programmed learning important in manage- 
ment development? The answer is that it saves time. It 
can cut learning time as much as 20 percent. Extraneous 
material and outside distractions are eliminated. It offers 
the advantages of a correspondence course, and much 
more. For example, the trainee tests his understanding 
of each statement immediately after he has learned it, 
through techniques described in Dr. Osburn’s article on 
page 171. 

Programmed learning is already being used on a 
limited scale in industry. For example, Humble’s Market- 
ing Department is employing it in a training program. 
The American Management Association will offer a 
management development program via programmed 
learning beginning next spring—covering communica- 
tions, the supervisor’s responsibilities under the labor con- 
tract, and cost control. 

Programmed learning will undoubtedly be much in 
the news in coming years. In public and private schools 
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where it has been used, students have astonished teachers 
and educational experts alike by the sudden increase in 
their learning rates and retentive ability—regardless of 
the subject matter being taught. 


Group Dynamics. While programed learning speaks 
to the “self helps” category of management development, 
the field that has come to be known as group dynamics 
speaks to the manager’s need for an understanding of 
group action in industry. 

What is group dynamics? It can take several forms, 
but generally it is a program of supervised training and 
study, conducted either in or out of the company or 
both, which resolves the following important aspects of 
management: 


® How to arrive at better decisions and management 
theories. 


How to determine group needs through communica- 
tions “feedback.” 


How to assess the behavior of self and others. 


How power or manipulative control of people af- 
fects business relationships, pro and con. 


How the “power spectrum” in the supervisor-worker 
heirarchy affects decision making. 


In other words, group dynamics training is specialized 
human relations study leading to an understanding of the 
interrelationships of people throughout the company’s op- 
erations. It sometimes takes the form of “sensitivity train- 
ing.” In this approach, the trainee is ordinarily sent to a 
group dynamics “laboratory” outside the company. 
These are usually conducted by universities or individual 
management development organizations, or both in con- 
junction with one another. 

The training offered in these laboratories consists of 
the gathering together of supervisors from various com- 
panies. They are selected from the same supervisory 
levels, and do not have a personal acquaintance, thus 
eliminating the bias that can arise in training situations 
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when the participants know each others’ personality and 
background. These strangers are then taken through a 
series of problem-solving situations, self analysis, and the 
like, and are thus “sensitized” to how their behavior af- 
fects others, and how they are affected by others’ be- 
havior. In short, “sensitivity training” is a sort of group 
psychoanalysis. 

This training tool has, up to now, been used mostly by 
upper management, and some categories of middle man- 
agement. It is relatively expensive and time consuming— 
but effective enough to show a marked increase in the 
number of men participating yearly in this type of de- 
velopment. There are signs that group dynamics training 
will continue to set the pace for future training tech- 
niques in the human relations field. For example, Hum- 
ble’s Esso Standard Division, Baton Rouge, La., has used 
group dynamics training successfully with large numbers 
of engineering supervisory personnel. 

As one of the early leaders in development of group 
dynamics theory, Dr. Robert Blake of the University of 
Texas puts it this way: “Through laboratory management 
development it is possible for a manager to fill the gaps 
in his professional training which are concerned with the 
effective mobilization of human resources. The thesis is 
that the goal of management training is to learn more 
effectively how to create conditions under which the 
energies controlled by others can be released willingly to- 
wards the attainment of corporate objectives.” 


General Outlook. We have reviewed three specialized 
areas that hold great promise for the immediate future 
of management development— business games, pro- 
gramed learning, and group dynamics. 

There are other specialized approaches that merit 
comment—for example, industry sponsored educational 
TV programs in cities that have a university television 
station (such as KUHT-TV, Houston). Mass media such 
as this Houston station, have the potential to reach al- 
most every manager or manager trainee in a population 
area of more than two million, with generalized lecture 
courses. Thus far, industry has done little to exploit this 
promising possibility. 

Another useful device that has seen little service is the 
tape recorder. Once an expensive novelty, the recorder 
has become almost as common in the average home as 
the TV or Hi Fi set, and can be purchased for as little 
as $30. Taped lectures, used in conjunction with other 
home or office study materials, have a tremendous pos- 
sibility for some aspects of tomorrow’s management de- 
velopment. : 

Still another device, already being used by some firms 
on a limited scale to train operating personnel, is closed 
circuit TV. Don’t be surprised to see a closed-circuit TV 
receiver in the office of most management personnel in 
large companies within a few years, offering time-saving 
lecture courses right across the desk. 

As for methods already in use, and which will be ex- 
panded and “polished” in the next 10-15 years, I offer 
the following observations: 


© Human relations, often plagued with fads, miscon- 
ceptions and naivete about human nature, will see further 
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“Ethyl” ICC4 Cuts Phosphorus Additive Costs As Much As 20% 


You get more dividends—more return on your money 
—when you invest your phosphorus dollar in Ethyl’s 
Ignition Control Compound 4. 

Specifically, you can save up to 20% your first year, 
more in the years following. ICC4 not only gives 
you more phosphorus per pound of additive but at 
lower cost. ICC4 controls rumble and spark plug 


fouling... more than triples spark plug life. . . cuts 
surface ignition by as much as 80%. 

Whether you are now a phosphorus user or are plan- 
ning to use it in your gasoline, ICC4 is the best buy 
on the market today. 

For the full story on ICC4’s economy and effective- 
ness, ask your Ethyl Representative. 


ETHYL CORPORATION, new york 17, N.Y. * CHICAGO + TULSA + HOUSTON + LOS ANGELES 


ETHYL CORPORATION OF CANADA LIMITED, TORONTO « ETHYL U.S.A. (EXPORT) NEW YORK 17, N.Y 
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As the social sciences lend more and more objectivity to knowledge about human 


relations, management development programs of the future will begin to lose their 


“tad” stigma, and contribute greatly to the executive's corporate and personal life. 


refinement. The delicate, important task of teaching 
human relations will become more and more the forte of 
the professional psychologist, highly trained in the sub- 
tleties of human nature. 

This field will become less morale-oriented, and will be 
projected more towards manipulative ‘skills in dealing 
with people, i.e., how to get the most out of your talents 
and those of subordinates, promote group harmony, etc. 

In other words, human relations will become organiza- 
tion centered, abandoning the “happy worker equals 
high productivity” philosophy. Personal and organiza- 
tional motives are going to come under closer and more 
objective scrutiny. 

As Boeing Airplane Co.’s research services administra- 
tor, Oliver E. Vroom points out in an article in the No- 
vember 1961 issue, Journal of the American Society of 
Training Directors: “What appears to be lacking in most 
supervisory training is a . . . recognition that organizations 
are power-based and that many of our familiar organi- 
zational concepts . . . such as chain of command, author- 
ity and responsibility, titles and status prerogatives, etc., 
are... derived from this power concept. 

“Human relations, although important, should not be 
conceived as the key to administration (as distinguished 
from management’s other functions; the manipulation of 
money, materials and facilities) and above all, should 
not be set in opposition to the non-human resources of 
the organization, but integrated with the power realities 
existing in every organzation. 

“There are times when the exercise of power in an 
organization is inimical to the practice of human relations 
theory. These factors must be understood, and the facts 
of organizational life emphasized . for supervisory 
training to accomplish its one paramount objective—im- 
proved supervisory performance toward the attainment 
of organizational goals.” 


@ Job rotation and guided experience will continue as 
a key element in teaching over-all supervisory skills. This 
will continue to be supplemented with appraisals and 
performance review, committee work, and membership 
in professional societies and organizations. 


® Technical management will be further encouraged 
to become adept in communications and psychology and 
spend more time on creative rather than functional tasks. 


® There will be a continuing growth of university- 
sponsored campus seminars on management development 
—closer liaison between colleges and industry on human- 
functions research, career guidance, and recruiting. Some 
companies will be hiring men before they leave the 
campus, in specialized cases, and begin training in human 
relations skills, etc., at that time, when conflicts with 
regular studies can be avoided. 


What Makes a Leader? All management development 
centers its attention on this vague term we call “leader- 
ship.” A great deal of research has been done to find the 
qualities that make a good leader. The most revealing 


point brought out by this research is that leadership has 
little to do with personality. 

Leadership is situation-oriented rather than personality- 
oriented—a fact that makes the quiet, introspective indi- 
vidual a good leader in one case, where the “rugged 
individualist” is successful in another. 

Management development researchers have had prob- 
lems defining the kind of leadership training a develop- 
ment program should offer. Like the general field of 
human relations, leadership training of the future is in 
for some changes. We can expect to see research directed 
not only at the styles of leadership, but also at extension 
of knowledge that will help us understand all human 
behavior. 

For example, is there one best style of leadership, or 
are there other variables in the picture which must be 
considered at the same time? One researcher, Hal Leavitt 
of Carnegie Institute of Technology, feels that one ap- 
proach may be best for a given level in the organization, 
while that same approach would not work so well in, say, 
the Engineering Design Department. In other words, 
some company functions have routine operations respon- 
sive to easy control methods, while others are flexible 
and require flexible leadership. 

Tomorrow’s manager will be trained to re-examine his 
beliefs about the role of people in problem identification 
and solution. Managers will learn how to be more ana- 
lytical, as opposed to adopting a set of cut-and-dried 
rules for behavior. Today, development programs often 
indoctrinate through rules only—offering verbal exercises 
and general knowledge. Such an approach neither makes 
a man aware of his own shortcomings nor increases his 
analytical skills. A manager so trained may act just as he 
did before training, when confronted with a sticky man- 
agement problem in which he becomes emotionally in- 
volved. This involvement is absent in the usual develop- 
ment program, and even sensitivity training offers 
an exposure sometimes quite different from “real life” 
business. 


This article ends our appraisal of management develop- 
ment trends, past, present, and future. I have purposely 
presented a very generalized treatment of the subject, 
and necessarily so. Management development is a very 
diversified, flexible, and sometimes nebulus field. Because 
it deals primarily with human nature, the subject is as 
variable as human nature itself. 


Nevertheless, as experience and knowledge make new 
inroads into the broad field of management development, 
many of the now cloudy areas will see rays of progress. 
As new knowledge about people and their industrial role 
unfolds, there will be fewer and fewer hit-or-miiss pro- 
grams and theories. 

Meanwhile, why not take a look at the development 
program in your own company and relate it to the broad 
view presented here? As Dr. Keith Davis said, on page 
271 of the September issue, “Chances Are—You’ll Be a 
Manager.” So, in a very real sense, this is your story. 
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Another big tower for industry 


Building and delivering big items like the 165-foot-long fractionating tower 
pictured here is routine performance at Sun Ship. Two towers, each weighing 
135 tons and identical with that shown above, were constructed for a petro- 
chemical plant for processing petroleum gases. They were shipped on 9 flatcars. 
Railroad officials said it was one of the largest shipments ever moved by rail. 
Because of its length the shipment had to travel a circuitous rail route. 


Whether it’s a massive fractionating tower or intricate equipment, your require- 
ments will be met with exacting precision and your product delivered on schedule 
by rail or wate: from our tidewater plant. 


Sun Ship’s modern fabricating and engineering services put these advan- 
tages at your fingertips. For full information, call or write our Sales Engineering 
Department. 


Sun 


SHIPBUILDING &€ DRY DOCK COMPANY 


ON THE DELAWARE « SINCE 1916 « CHESTER, PA. 
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Figure 1 
(1) Tubular Staff 
(2) Conical Seat 
(3) Wing Nut 
(4) Cock Valve 
(5) Tube to Test 











Shop-Made Tool Tests 
Exchanger Tubes for Leaks 


Aldo Belli, ‘Aquila’ Societa Per Azioni Technico—Industriale, 


Trieste, Italy 


A new device has proved to be a 
real timesaver for hydraulic testing 
of exchanger tubes. 

When a breakdown occurs in ex- 
tubes, hydraulic tests 
be performed on each suspected tube 
so as to find and plug the leaking 
tube. In our plant, these tests were 


changer must 


done in the past with a tool as shown 
in Figure 1. It is a long, hollow, tub- 
ular shaft with conical seats for seal- 
the sheet 
cured to the test tube by a heavy 


ing against tube and se- 
wing nut as shown. To perform the 
the 


tube, the wing nuts screwed tightly, 


tests, the shaft was inserted in 
the cock valve opened and water 
pumped to the desired test pressure. 
[he test was not difficult, but did re- 
quire a considerable amount of time 
because of the length of the hollow 
shaft (18 feet or more). 

\ new device has been designed in 


Figure 2 


the plant that allows the same work 
to be done in one third of the pre- 
vious time. It consists merely of two 
plugs placed in each end of the tube 
to be tested. 
plug in the closed position and Figure 
3 the rear plug in the open position. 

When rubber plug (4) is 


‘igure 2 shows the front 


com- 
pressed by the action of the cam and 
lever (2), a tight seal is obtained on 
the the Additional 
security is given by a ratchet system 
that are 
the 


inside of tube. 
formed by 3 small spears (7 


pointed in the tube wall when 
rubber plug is compressed. 
The device can be used on tubes of 
different sizes simply by screwing the 
ratchet body (6 
This compresses the rubber plug and 


on the spindle (1 


opens the spears to accommodate a 

larger tube. 
Note, pins (8 

place because of 


keep the spears in 
this pushing action 


Figure 3 





Tubular Spindle 
Cam and Lever 
Outer Ring 
Rubber Plug 
Slip Ring 





(6) Ratchet Body 
(7) Spears (3) 
(8) Pins (3) 

(9) Collet Spring 
(10) Cock Valve 
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Figure 4 
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Step 1. Purification of ethylene. At American Chemical Corpo- 
ration, Long Beach, California, a feed gas—consisting of a mix- 
ture of ethylene, ethane, and methane—is liquefied through the 
application of the Joule-Thomson effect. Liquefaction occurs 
when the gas is subjected to 350 psi and allowed to expand to 
150 psi. The three gases are separated in this low temperature 
distillation system. 
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Step 2. Reaction of hydrogen chloride with ethylene. The alu- 
minum chloride catalyst used in this reaction is stored in MONEL 
alloy 400 pots,18” in diameter and 78” high. The temperature is 
maintained at approximately 95°F. MONEL alloy 400 was 
selected because of its excellent resistance to AlCl». 


Step 3. Purification of ethyl chloride by distillation. The 
MONEL alloy 400 tubes in these heat exchangers have a diame- 
ter of 1” and are 120” long. The temperature range within them 
extends from 90 to 130°F. Due to the hydrolysis of ethyl 
chloride, some HCI is formed. MONEL alloy 400 was selected 
because of its high resistance to dilute HCl as well as its good 
heat transfer properties. 


How rugged MONEL Alloy 400 resists chloride corrosion 
in production of ethyl chloride 


The American Chemical Corporation’s facility at Long Beach, 
California, gives the West Coast a major producing plant for 
ethyl chloride. This is used principally in the manufacture of 
tetraethyl lead. American Chemical has sound reasons for 
selecting MONEL* alloy 400 for this process. 


Good resistance to chlorides. The resistance of MONEL 
alloy 400 to dilute hydrochloric acid accounts for its excellent 
resistance to corrosion by chlorinated organics which hydro- 
lyze to form hydrochloric acid. In addition, MONEL alloy 
400 has resistance to acid chlorides, to neutral and alkaline 
chlorides and to salt water. 
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NICKEL-COPPER ALLOYS 
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In addition to good corrosion resistance, MONEL alloy 400 
offers the following advantages: 


¢ High design stresses * Excellent heat transfer properties 
e High ductility * Good weldability 

e Availability in wide variety of forms, including tubing up 

to 85 feet in length. 

If you wish more detailed information on this remarkably 
useful alloy, write for a copy of our Technical Bulletin T-5. 
And if you have any other corrosion problems, write to us. 
We will be pleased to assist you in finding a practical, 
economical solution. 

HUNTINGTON ALLOY PRODUCTS DIVISION 
THE INTERNATIONAL NICKEL COMPANY, INC. 

HUNTINGTON 17 WEST VIRGINIA 
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Which lasts longer? 


The Duplex Tube on the right...it performs more efficiently and eco- 


nomically than single wall tubing in condenser and heat exchanger service. 

Duplex tubing lets you choose the best metal to resist corrosion on both 
the product side and the cooling side. Used either plain or ferruled, Duplex 
can prevent premature failures and costly downtime. 

Bridgeport has successfully fabricated more than 125 different Duplex 
combinations to solve a wide range of corrosion problems in oil, chemical, 
power and food processing industries. 

For information on how Duplex Tubing can extend the life of heat ex- 
changers and condensers, write for Bulletin 1-N-9 to Bridgeport Brass 


Company, Bridgeport 2, Connecticut. 


BRIDGEPORT BRASS COMPANY %«>- 


Bridgeport condenser and heat exchanger 
tubes in over 50 metals and alloys: 


INHIBITED ADMIRALTY 
INHIBITED ALUMINUM BRASS 
INHIBITED MUNTZ METAL 
70-30 CUPRO NICKEL 
90-10 CUPRO NICKEL 
DEOXIDIZED ARSENICAL COPPER 
INHIBITED ALUMINUM BRONZE 
RED BRASS 
ALLOY 77 MERCURY BRASS 


...plus DUPLEX TUBES...in combina- 
tions of the above alloys, with carbon or 
stainless steel, aluminum, Monel,® 
nickel...or other metals. 








Books to Help You 
Do a Better Job 


AUTOMATIC CONTROLS 
OF CHEMICAL 
AND PROCESS PLANTS 


By Dr. Theodore J. Williams and 
erlin A. Lauher 


A practical discussion of automatic con- 
trols. Covers basic principles in detail and 
examples used are of those problems found 
in everyday plant situations. 


346 pages. Illustrated. 


Indexed. . . Price $10.50 


OPERATOR’S HANDBOOK 
Prepared by Tenneco Oil Company 

Areas covered include: Plant operation; 
piping and valves; instruments; engines 
and compressors; reciprocating pumps; 
rotary pumps; electricity; orifice meters; 
positive displacement meters; fire fighting 
and emergency systems; extinguishers and 
tanks; plant testing and water treating. 


224 pages. Illustrated. 


Indexed Price $6.00 


POLYOLEFIN RESIN PROCESSES 
By Marshall Sittig 

Contains all U.S. polyolefin patents 
listed according to patent application serial 
number, date, 
book reference number. Chapters cover: 
Introduction to polyolefins, growth of 
polyolefins, raw materials, process charac- 
teristics, catalysts, processes using non- 
metallic catalysts, processes using metal- 
derived catalysts, polymer properties. Ap- 
pendix. Bibliography. 


240 pages, 65 figures, 14 tables. 
Indexed. 


HOW to INVENT 
By Forrest E. Gilmore 

A guide to the mental techniques of 
learning to invent and their applications 
in your daily thinking. 
100 pages. Illustrated Price $2.95 
DICTIONARY of BUSINESS 
AND SCIENTIFIC TERMS 

By David F. Tver 

Gives you a compact and readily availa- 
ble source of more than 7,000 definitions 
of most used business and scientific terms. 
Areas cover: Biology, botany, business 
manufacturing, electrical, financial, labor 
and union, legal, business law, oil industry, 
geological, chemistry, personnel, 
psychiatry, medical, statistical, 
and timestudy. 


petroleum 


ee ne Price $10.00 | 


All books are available on 10-day free 
examination plan. 


Order from: 


BOOK DIVISION 
GULF PUBLISHING 
COMPANY 
P. O. Box 2608 
Houston 1, Texas 
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U.S. patent number and | ‘ 
sealed to the nipples, the seam was 


water vapor. 
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on the spears by contact with the 
ratchet body. 


With this device, we have tested 


| heat exchanger tubes at 100 Kg/Sq- 


Cm (about 1,670 psi) 
damage to the tube 
spears. 

Figure 4 shows the component 
parts of this tool. All dimensions are 
in millimeters. 


Make a Ping-Pong Ball 
Rotameter for $10 


An inexpensive gas rotameter was 
needed to meter from 2 to 25 scfm of 
gas through a recycle unit with a 
maximum pressure drop of 2 inches 
of water across the meter. The total 
pressure of the system was about 4 
inches of water. Here’s how a ping- 
pong ball rotameter was made for 
$10 to satisfy these requirements. 

A 47 x 12-inch piece of 20 gage 
transparent plastic was folded as a 
cone with 14% and 24-inch pipe nip- 
ples at the ends. The cone ends were 


with negligible 
wall by the 


glued, and circular metal rings were 
slipped over the cone to reinforce the 
rotameter between the terminal sup- 
ports. This tube was mounted on a 
wooden frame, beside a meter stick; 
a ping-pong ball was used as the 
float. 

This rotameter was successfully 
used for one year on a research proj- 
ect to meter moist air, dry nitrogen 
and carbon dioxide saturated with 
The rotameter, cali- 
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YOUR IDEAS ARE VALUABLE! 


At least $10 will be paid for each 
idea accepted for “How to Do It.” 
Just send a brief note with a photo 
or sketch to the Editor, Hydrocar- 
bon Processing & Petroleum Re- 


finer, P. O. Box 2608, Houston. 
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Cox Turbine Flowmeters are 
gaining new acceptance with 
engineers and field meter men 
in refineries, pipelines and 
| petro-chemical process plants 
' as the “‘ideal’’ meter. 


” 


RELIABLE 
SERVICEABLE 


Low first cost 
Low maintenance 
Easy to install 


Readily replaces existing total- 
izing meters adding flow rate 
and control 


Es EE LL NY ELEM 
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Sustained meter factor over 
wide range of products and } 
flow rates 


i. 


Excellent repeatability 


e Suitable for totalizing, record- © 


For detailed information © _ 
write for Handbook on ” 
Petroleum Measure- 
ment and Control Sys- 
tems, Bulletin No. 4000. . 


ing, telemetry, control and ~ 
blending applications 


kd 
me 
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GEORGE L. NANKERVIS COMPANY 


15300 Fullerton °¢ 


Detroit, Michigan 


Subsidiary of 


PENINSULAR METAL PRODUCTS CORP. 


rs 
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Fast, intermittent tra 


COUNTER 
4. WEIGH Teall 


Nicholson weight-operated 
traps for gas, air, steam and 
gasoline service 


This sectional illustration describes the fast, intermittent action 
of Nicholson weight-operated traps for pressures up to 1500 lbs. 
But don’t let that float fool you. This trap is float-actuated, not 
float-operated as are other float-type traps. Here’s how this exclu- 
sive Nicholson feature works. 

When water enters the trap the float rises, eventually actuating 
the weight latch to release the counterweight, which then falls, 
lifting the discharge valve wide open . . . instantaneously. A link 
latch holds the valve open until discharging water lowers the 
float, actuating the rising counterweight to re-engage the weight 


latch. The discharge valve is then released by the link latch and 
closes instantaneously. 


This rapid, intermittent opening and closing action is a feature 
you'll find only in Nicholson weight-operated traps, including 
models JR for pressures to 250 lbs., WO and B to 650 lbs., and C 
to 1500 lbs. Mail coupon for Catalog 500. 


W. H. NICHOLSON and CO., 12 Oregon St., Wilkes-Barre, Pa. 
Please send Catalog 500 describing Nicholson weight-operated traps for 


saturated or superheated steam, compressed air and gasoline, oil and 
gas service. 


Name 

Company 

Title 

Street : 
OnE AN PAs ee ie kt be Zone........ State 





—-----------} 


W. H. NICHOLSON and COMPANY [aed 
12 Oregon Street * Wilkes-Barre, Pa. 
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Ah Pressure Drop Across Orifice (Ins. of Water) 


How to Dolt... 





brated using a commerical rotamete: 
kit and compressed air, was used to 
calibrate an orifice elsewhere in the 
closed unit. The air flow through the 
orifice as measured using the ping- 
pong ball rotameter is compared with 
the orifice flow theoretically predicted 
from the data of Tuve and Sprenkle 
(1933) in the accompanying figure. 


ekelt 


Orifice Flow As Calibrated in 
Ploce From Gas Rotameter For Air 


Orifice Flow Calculated 
Using Discharge Coef- 
ficients From Tuve And 
Spenkle (P-3)For Air 





i020 30 40 50 60 70 80 90 | 
vg Gas Flow, Ft/Sec 


The predicted rate agrees reasonably 
well with the flow rate as measured 
by the ping-pong ball rotameter. 
This rotameter was inexpensive, 
easy to assemble and to read, sensi- 
tive to flow rate, reasonably accurate 


| and reproducible, and it produced a 


small pressure drop. However, the 


| weight of the ping-pong ball changed 
| slightly during prolonged use meter- 
| ing moist gases. 


Item submitted by Donald R. 


| Woods, University of Wisconsin. 





Be sure to see HP/ 
PR’s Annual Editorial 
Index appearing oppo- 
site Page 160. It’s your 
handy guide to all of the 
useful data which has 
appeared in the past 
year. 
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Kerotest Valve Parts Get the 
ALL CLEAR FROM BOMBS 


All materials and parts that go into Kerotest Valves must first 
get the all clear in these pressurized material test bombs at the 
Kerotest laboratories. Packings, plastics, gaskets, O-rings, seat 
rings, steel, and other materials are accepted as suitable only 
after they’ve withstood the deteriorating effects of various 
gases, vapors, liquids and refrigerants for specified test periods. 

Kerotest quality controls are applied from the initial devel- 
opment and engineering phase to the final assembled valve. For 
those who specify and use Kerotest Valves these high standards 
of material and production quality mean greater valve value per 
dollar. With Kerotest there’s minimum risk of valve failure in 
service and improved operating efficiency with less maintenance. 


Kerotest Cast Steel Gate Valves 


High quality Kerotest cast steel gate valves are available in 
primary service pressure ratings ranging from Series 150 to 
Series 1500. They are supplied in various combinations of body 
and trim material for all types of service in oil, gas, steam, water, 
chemical, petro-chemical, marine and industrial installations. 
Send for your free copy of the new, informative Kerotest booklet. 


It’s packed with working tables, dimensions, specifications and other 
helpjul information. 


KEROTEST MANUFACTURING COMPANY 


2514 LIBERTY AVENUE «+ PITTSBURGH 22, PA. 


in Canada... Kerotest Cast Steel Valves are manufactured and distributed 
exclusively by Guelph Engineering Company, Guelph, Ontario, Canada 
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KEROTEST 
Quality Controlled Features 


@ Reinforced wall sections guard against unusual 
strains — erosion and corrosion. 

e Built for repacking under pressure in the full 
open position. 

e Deep stuffing box for greater packing life and 
tighter seal. 

e Threaded, bottom seating type seat rings. 
Made without protruding lugs to permit full 
clear way opening through valves. 

@ All yokes made to withstand rough handling 
and equipped with lubrication fitting to stem 
nut. 


There is a Kerotest Cast Steel Valve 
available for every class and condition of service. 


a —=— 
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Novamont’s Polypropylene Unit Onstream 


Montecatini’s first American plant for producing polypropyl- 
ene has been placed onstream at Neal, W. Va., by Nova- 
mont Corp., Montecatini’s U.S. manufacturing subsidiary. The 
new plant, located on a 200-acre site on the Big Sandy River 


near Huntington, W. Va., can produce 30 million pounds 


Humble Oil & Refining Co. has let 
a contract to Dresser Engineering Co., 
Tulsa, Okla., for a natural gas proc- 
essing plant in the Dover-Hennessey 
area of Kingfisher and Garfield coun- 
ties, Oklahoma. Completion of the 
facility, to have a 77,000-Mcfd capac- 
ity, is slated for May 1962. 


Solar Nitrogen Chemicals, Inc., is 
completing a new $15-million am- 
monia-urea solutions plant near Jop- 
lin, Mo. Solar Nitrogen is equally 
owned by The Standard Oil Co. 
(Ohio) and Atlas Chemical 
tries, Inc. 


Indus- 


186 


Crown Central Petroleum Corp. 
has completed a petrochemical ex- 
pansion program at its Houston re- 
finery. New units up and running in- 
clude: Udex extraction, Detol unit 
and a xylene splitter. Products will be 
benzene, toluene, mixed xylenes and 
orthoxylene. 


Wyandotte Chemicals Corp. has 


awarded a contract to Fluor-Sing- 
master & Breyer, Inc., for the design, 
construction of a 
propylene oxide plant at Wyandotte, 


Mich. Installation will begin soon, 


procurement and 


A Em RR 


% 
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annually of isotactic polypropylene for plastic applications. 
Distillation columns and general utilities are sufficient to en- 
able the company to double polypropylene output, which 
will be processed into plastics, films and fibers. 


and completion is scheduled for July 
1962. 


Texas Eastman Co. will come on- 
stream in late 1962 with a 50-percent 
increase in its polypropylene capacity 
at Longview, Texas. New output will 
be 30 million pounds per year. 


Shell Chemical Co. has started up a 
polyisoprene plant at Torrance, Calif. 
The facility is believed to be the 
world’s first for commercial produc- 
tion of polyisoprene latex. 
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20,000 B/SD 

delayed coker 

on stream for 

Mobil Oil Co. at 
Beaumont, Texas 


CHARGES MIXTURE OF 
SWEET AND SOUR 
CRUDE RESIDUA 








The new 20,000 barrel per stream 
day delayed coking unit — de- 
signed, engineered and construct- 
ed by The Lummus Company for 
Mobil Oil Company at their Beau- 
mont, Texas Refinery — is on its 
initial run after very smooth start- 
up operations. 

The Coker, comprising 4 coke 
drums each of 19 feet in diameter 
by 63 feet tangent to tangent, is 
designed for 732 tons of coke per 
stream day. 

The feedstock is a mixture of 
sweet and sour reduced crudes cut 
back with naphtha to reduce the 
viscosity of the heavy residuum 
without the necessity of heating 
long lines. The unit includes a pre- 
flash section to separate the naph- 
tha cutter stock from the heavy 
residuum before charging to the 
coking section. 

The coker makes 5 products be- 
sides coke: gas, debutanized gaso- 
line, light naphtha, and light and 
heavy gas oils. 

Coke, which is hydraulically cut 
from the coke drums, is dropped 
directly into gondola railroad cars 
for final shipment. 

A unique blow-down system 
conceived by Mobil has been in- 
corporated for greater efficiency in 
recovering oil which has been 
stripped from the coke in the 
drum. 
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This is the 14th delayed coking over 30% of the total existing 
unit engineered and constructed delayed coking capacity in the 
by Lummus. Lummus has built United States. 


THE LUMMUS COMPANY, 385 Madison Avenue, New York 17, New 
York, Houston, Washington, D. C., Montreal, London, Paris, The Hague, 
Madrid; Engineering Development Center: Newark, New Jersey. 
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Future Mississippi Plant 


Artist's conception of portion of the proposed Pascagoula, Miss., refinery to be 
built for Standard Oil Co. (Kentucky). In foreground are units of an 18,000-bpd 


lsocracker. 


Aurora Gasoline Co., subsidiary of 
The Ohio Oil Co., has awarded -a 
multi-million-dollar construction con- 
tract for petrochemical facilities to 
Procon, Inc. The project is part of a 
three-phase program to transform 
The Dow Chemica! Co.’s Bay City, 
Mich., plant into a major petrochem- 
ical plant. When all facilities are com- 
pleted by the middle of 1962, Ohio 
Oil will supply about 20 million gal- 
lons of benzene and toluene per year 
to Dow. Ohio Oil’s contract with Pro- 
con covers mechanical engineering, 
procurement and construction of a 
10,000-bpd Platformer together with 
a Udex extraction unit for recovery of 
high-purity benzene, toluene and 
xylenes; a 2,200-bpd, high-pressure 
Unifining unit for desulfurization of 
feedstocks and revamp of an existing 
Unifiner. 


Phillips Petroleum Co. will build 
and operate a natural gasoline plant 
17 miles northwest of Freer, in Webb 
County, Texas. Initial processing ca- 
pacity will be 150 MMcfd of gas and 
85,000 gallons of products consisting 
of propane, LPG and natural gaso- 
line. The plant is expected to be com- 
pleted late in March 1962. 


FMC Corp. (formerly Food Machin- 
ery and Chemical Corp.) will build 
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a multi-million-dollar plant to pro- 
duce toluene diisocyanate, a majo 
component of polyurethane plastics. 
FMC has developed its own patented 
process for production of toluene di- 
isocyanate at the facility which will be 
built on the site of the former Naval 
Ordance plant in Charleston, W. Va. 
Plans call for construction to start 
early next spring, with initial opera- 
tion scheduled for late 1963. 


Standard Oil Co. of California is 
installing a Udex unit at its Rich- 
mond, Calif., refinery. The Fluor 
Corp., Ltd., is handling construction 
which is set for completion in Feb- 
ruary 1962. 


Helex Co. has started construction 
on its helium extraction plant near 
Bushton, Kan. The project, first to be 
built under the U.S. government’s 
helium conservation program, is 
scheduled for completion by next 
June. The Fluor Corp. will construct 
the installation, which will recover up 
to 700 MMcf of crude helium per 
year. 


Cities Service Refining Corp. has 
awarded a contract to Badger Manu- 
facturing Co. for the design, engineer- 
ing, procurement and construction of 
a 100-million-pound-per-year propyl- 


ene purification unit. The plant will 
be built at Cities Service’s Lake 
Charles, La., refinery and is expected 
to be onstream by late spring 1962. 


Marbon Chemical Division, Borg- 
Warner Corp., will build a plant at 
Baytown, Texas, to produce styrene 
monomer. The plant, to supply raw 
materials for plastics, will be con- 
structed adjacent to the Humble Oil 
& Refining Co. plant at Baytown. 
Feedstocks will be provided by direct 
pipe line from the Humble refinery, 
The new facility will have initial ca- 
pacity of 75 million pounds of styrene 
monomer annually, but it is being de- 
signed so its capacity can be increased 
as demand justifies. Construction is 
expected to begin before the end of 
1961, with completion scheduled for 
early in 1963. 


American Oil Co. has accepted a 
14,600-bpd alkylation unit from Fluor 
Corp., Ltd. The unit is part of the 
modernization program begun at 
American Oil’s Texas City refinery 
last year. 


reg aes ae ee ans 7 


Big Sinclair-Koppers Chemical Co. sty- 
rene plant near Houston has attained 
full production—70 million pounds 
yearly. The main processing unit is 
shown here. 


Tidewater Oil Co. expects to start 
construction in March 1962 on a 32- 
MMcfd natural gas processing plant 
at Normanna, Bee County, Texas. 
Plant capacity at full-stream opera- 
tion is 63,000 gallons per day of 
ethane-propane mix; 15,000 gallons 
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How to buy the finest quality 


HEAT EXCHANGER 


and CONDENSER TUBES 


at cost savings up to 20%/ 


There is no area in the world where salt water cooling 
equipment operates under such adverse conditions as those 
prevalent in the orient. Coolant water deemed totally unfit 
by American standards is used regularly in Japan. To meet 
this challenge Kobe Seiko’s research has developed alloys 
that have proved highly satisfactory under these severe 
conditions while tubes brought into Japan demonstrated a 
complete lack of serviceability! 

Representative of Kobe’s metallurgical skill is the 
patented “SHINKO ALUMNIBRASS? derived by adding 
Ni, Cr, and Mn to the standard aluminum brass alloy. Par- 
ticularly effective where seawater is utilized, more than ten 
million “ALUMNIBRASS” tubes are presently on stream at 
installations in over thirty countries of the free world. 

Kobe Seiko, Japan’s leading manufacturer of copper 
alloy heat exchanger and condenser tubes, has been oper- 
ating since 1917. In 1960 Kobe’s new mill opened, incor- 
porating the finest and most advanced tube manufacturing 
equipment available in the world today and utilizing fabri- 
cating techniques and quality control methods which are 
unsurpassed. 

All Kobe Seiko tubes are hydrostatically tested, followed 
by careful visual inspection. Thereafter, tubes are auto- 
matically subjected to electronic eddy current testing, insur- 
ing near-perfect quality. All brass and copper alloy tubes 
meet ASME standards. 
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LOWER COST is an important advantage when you buy 
Kobe Seiko tubes. Kobe now supplies condenser and heat 
exchanger tubes to the world market as much as 20% below 
local sources—including delivery to your site. Advanced 
methods and modern plant facilities are responsible for this 
cost savings! 


WRITE FOR CATALOGS AND DATA! 


Illustrated catalog, detailed information on tube sizes, 
alloys, testing procedures, quality controls sent on request. 


QUOTATIONS gladly submitted on specific bids. 


SOME POPULAR ADMIRALTY BRASS SIZES 
stocked in LOS ANGELES and HOUSTON. All other 
sizes and alloys prompt mill shipment. 


Exclusive representative for 
\Kobe Seikosho K.K. condenser tvbes: 


INC. 


= 672 South Lafayette Park Place * Los Angeles 57, California 
telephone: DUnkirk 5-2891 * TWX: LA 1301 
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per day of butane and 8,500 gallons 
daily of natural gasoline. Hudson En- 
gineering Corp., Houston, will build 
the facility, which is scheduled for 
completion in May 1962. 


Trans-Jeff Chemical Corp., Hous- 
ton, has let a contract to Fluor Engi- 
neering Corp. for approximately 
$350,000 of additional facilities at its 
McMullen County, Texas, sulfur 
plant. The facility will step up sulfur 
production to more than 100 long 


tons per day. Work will begin imme- 
diately. The new capacity will go on- 
stream in about six months. 


Celanese Corp. of America will in- 
stall a digital computer system to con- 
trol two of the four primary oxidation 
units of its chemical plant at Bishop, 
Texas. Celanese anticipates that the 
computer will pay for itself within 
two years by increasing productivity 
and efficiency at the plant. 


Phillips Petroleum Co. plans to 
erect two helium extraction plants in 
Texas to have a combined processing 








No, we're not talking about extra-sensory perception although it is a 
fascinating subject. Actually, we're inquiring as to your extended surface 
potential or, more simply, whether you are a possible user of Air Cooled 
Heat Exchangers. 

If you are, you should pay particular attention to the above photograph. 
It graphically illustrates the Metalbond fin tube, an engineering feature 
which has contributed to the wide acceptance of SMITHCO Air Cooled 
Heat Exchangers by process engineers throughout the world. The Metal- 
bond fin tube eliminates costly air gaps by providing an uninterrupted 
metallic thermal path for flow of heat from the inside of the tube to the 
outermost edge of the fin. SMITHCO Metalbond also protects against 
corrosion and has proven to be the most dependable bond between fin 
and tube yet devised. 

When cooling problems arise, consult SMITHCO; you'll find SMITHCO 
Air Cooled Heat Exchangers are loaded with ESP — Extremely Satisfying 
Performance! 


SMITHCO 
ENGINEERING 


P.O. BOX 7070 SOUTHSIDE STATION 
PHONE HI 6-4406 


INC 
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TULSA, OKLAHOMA 





capacity of 475,000 Mcfd. The plants 
and capacities are: One in Hansford 
County, 200,000 Mcfd, and the other 
in Moore County, 275,000 Mcfd. 
Both units are expected to be in op- 
eration in 14 months. Phillips has 
signed up with the Interior Depart- 
ment to sell 15.7 MMcf of helium 
over a 22-year period at $13.7 million 
per year. 


Recently completed 12,000-bpd cata- 
lytic reforming unit at Ashland Oil and 
Refining Co., Catlettsburg, Ky., went 
onstream within 10 months after con- 
tract award. It ups reforming capacity 
more than 150 percent at the plant. 


Allied Chemical Corp. and Union 
Texas Natural Gas Corp. plan to 


| build a multi-million-dollar petro- 


chemical complex in the Baton 
Rouge, La., area. Construction should 
be completed in the spring or early 
summer 1963. Principal products will 


| be extremely high-purity olefins and 


aromatics. Cost of the project: $40 to 
$60 million. 


Suntide Refining Co. continues to 
expand its petrochemical facilities at 


| Corpus Christi, Texas, with construc- 


tion of a paraxylene unit. The unit 


| will produce 15 million pounds per 


year when completed in January 
1962. Also being built is a styrene 
unit, to be finished in May 1962, to 
turn out 60 million pounds annually. 
Ralph M. Parsons Co. is building 


both units. 


Texas Alkyls, Inc., is completing an 
expansion at its La Porte, Texas, plant 
which more than quadruples capacity 
to produce aluminum alkyls. Present 
capacity of the plant is 8 to 10 million 
pounds depending on the product 
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PROCON 
Grcorporaled, 


1111 MT. PROSPECT ROAD 

DES PLAINES. ILLINOIS. U.S.A. 
PROCON INTERNATIONAL 8 A.. 
CHICAGO, ILL... U.6.4 

PROCON (CANADA) LIMITED, 
TORONTO. CANADA 

PROCON (GREAT BRITAIN) LIMITED, 
LONOON, ENGLAND 

PROCON PTY. LIMITED, 

SYONEY. AUSTRALIA 

PROCOFRANCE S8.a.R.L., 

PARIS. FRANCE 

PROCON LIMITADA, 

BAO PAULO, BRATIL 

PACIFIC PROCON LIMITED, 

MANILA, P. 1. 

VICAPROCON, 5S. A., 

CARACAS, VENEZUELA 


21 Procon-built 
RP SR 


plants meet 
Ce 
benzene demand 


The growth of the plastics and synthetic fiber industries has 
created an increasing world demand for benzene. To help 
meet this requirement Procon has built or is completing 21 
plants...in every section of the United States... as well 
as other free world locations such as Germany, Brazil, 
Canada, The Canary Islands and Australia. 

Typical of Procon’s petrochemical construction, these 
benzene plants provide adaptability and versatility through 
the incorporation of the Udex and/or Hydeal processes. 
Udex permits the recovery of high-purity benzene and other 
aromatics from petroleum hydrocarbon mixtures . . . while 
Hydeal allows production of benzene from toluene and 
xylenes for greater economic flexibility. 

lf you require construction in the chemical, petrochemi- 
cal or petroleum refining industries ... no matter what the 
process, the product or the location... Procon can do the 
job ... complete it on or before the agreed date... to your 
satisfaction. 

HB Why not call us for the full story? 
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mix. In addition to extending plant 
capacity, the recent expansion permits 
a substantial diversification of the 
firm’s product line. Initially the com- 
pany made two aluminum alkyls in 
major quantities, triethyl- and triiso- 
butylaluminum. Now it is making 
some 20 products and has a number 
of others in development. Texas Al- 
kyls is a joint enterprise of Stauffe1 
Chemical Co. 
Co. 


and Hercules Powder 


TOTAL COST 


Tuloma Gas Products Co., Tulsa, 
Okla., will operate a new large anhy- 
drous ammonia plant at Texas City. 
Construction will be handled by 
American Oil Co. Tuloma Gas Prod- 
ucts and American Oil are both sub- 
sidiaries of Standard Oil Co. (In- 
diana). 


Elco Leasing Co., Chicago, will con- 
struct a $2,750,000 cat cracker and 
alkylation unit on a 25-acre site south 
of the North Salt Lake, Utah, refinery 
of Frontier Refining Co. Elco will 
lease the facilities to Frontier. 


° 
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ENGINEERING / MATERIALS 
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& 3000 BPD Catalytic Cracking. Gas Concentration. 800 BPD Propylene & Butylene HF Alkylation. 


This recently completed revamp con- 
verted a plant producing low value, poor 


octane gasoline and fuel oils into a plant producing no fuel oil and a 20% 
overall higher yield of marketable gasoline ... giving this refinery the highest 
quality gasoline sold in its marketing area. The total cost... $2,000,000.00 


including engineering, materials and 
construction. Surprised? Not Litwin... 
.... because this is our specialty!!! 
LET US DO THE SAME FOR YOU! 


me 0 
Es stweere 
ENGINEERING 

COMPANY 


204 N. WACO / WICHITA, KANSAS 
Representatives in Canada, Europe, Middle East & South America 
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One of the world’s largest superfraction- 


| ation towers has been put into operation 


at Humble Oil & Refining Co.’s Bay- 
town, Texas, refinery. The 14-foot diam- 
eter column towers 220 feet above the 
flat Texas coastal plains. 


Pittsburgh Plate Glass Co.’s 
Chemical Division has started con- 
struction of a methyl chloroform 
plant at Lake Charles, La. The plant 
will start production by the fall of 
1962 with a new process developed 
by the division’s research and devel- 
opment personnel. 


Illinois Farm Supply Co. along with 
other farm bureau cooperatives, Indi- 
ana Farm Bureau Cooperative Associ- 
ation, and Farm Bureau Cooperative 
Association of Columbus, Ohio, will 
join with Central Farmers Fertilizer 
Co. of Chicago to form a new corpo- 
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Look closely . 


(not all ball valves are the same) 
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this top and bottom guided FLO* BALL 


has revolutionized valving! 


Only FLO-BALL has a top and bottom guided ball combined with top entry. These features, which give you 
best valve performance, make all other ball valves obsolete. FLO-BALL is the valve you will use today and 
for years to come. Only FLO-BALL offers all this at a competitive price. 


Top and Bottom Guided FLO+- BALL Ficating Ball Valves 
Unlike other ball valves, FLO-BALL seats 


do not serve as bearings. By putting the Other makes of ball valves put the 
bearing loads where they belong —on | crushing burden of bearing loads 


frictionless Teflon bearings — the seat can right on the fixed seats. This re- 
then perform its basic sealing function ile sults in seat distortion, hard turn- 
Result: longest seat life, lowest torque, - ing and short life 
in sizes through 36”, pressures to 


10,000 psi, temperatures from cryogenic 
(—423° F) to + 500° F,for on-off and throttling 


Fill in reverse side and mail today! 


For ultimate valve performance, 
specify FLO* BALL— no equal! FIRST CLASS 


Business Reply Mail PERMIT #471 
oe BLOOMFIELD 
No Postage Stamp Necessary if Mailed in the U.S. NEW JERSEY 


Postage Will Be Paid By 


HYDROMATICS, inc. 


Bloomfield, New Jersey 














Compare FLO-* BALL feature for feature 
... there is no equal! 


| Ball —s Ball Ball Ball . Bat 
FLO-BALL Voie a ValveB ValveC ValveD ValveE 
. TOP ENTRY 


All internal parts can be removed and re-installed without a 
removing valve from line. 





. TOP AND BOTTOM GUIDED BALL 


Provides truly double seal, extends seat life. Makes for 
easy operation. 





. DOUBLE SEATS 


Interchangeable and replaceable seats insure sealing in 
both directions; give double protection against leakage. 





. FLANGES INTEGRAL WITH BODY 


Rugged, one-piece body design gives greatest possible 
strength. 





. ONE PIECE BALL AND STEM 


No possibility of separation of ball from stem. Always per- 
fect alignment with zero backlash. Foolproofed for as- 
sembly. 





. BLOCK AND BLEED 
Top and bottom guided ball and floating seats provide 
simultaneous up-stream and down-stream seal .. . a true 
block and bleed valve. Block and bleed type available on 
special order. 


























Specify the FLO ¢ BALL for your application 


1A” eee 1” ai 
Vacuum — 600# — 3000 # # — 300+ — 600+ (ASA Rating) 
Steel, Stainless Steels, Semi-Steel, Brass, Alloy 20, | 
nual, Hydraulic and Motor 


Two-Way, Three-Way, Fire-safe, High Pressure (to 10,000 psi), Cryogenic, etc. 


Gentlemen: 


| am interested in getting complete information on FLO-BALL valves. 
Ss 274 a4. a. 


Hydromatics, Inc. 
[] Send sales engineer (] Send literature BLOOMFIELD, NEW JERSEY 


My application is 





Name : SEEN, Near Ee es eee 


Company | _ Fill in this card 
Street ... mail today! 
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Building... 


ration to own and operate a $20- 
million ammonia plant to be built 
either in Southwestern Indiana or 
Southeastern Illinois. The proposed 
facility will have a 250-ton-per-day 
capacity. 


Tower Oil & Gas Co. has begun 
building a gas processing plant 8 
miles north of Shawnee in Converse 
County, Wyoming. Capacity for the 
$650,000 plant will be 7,500 Mcfd 
and a yield of 20,000 gallons of liquid 
product per day. Completion should 
be sometime this month. 


Dow Badische Chemical Co. has 
placed its $2-million butanol plant at 
Freeport, Texas, onstream. Capacity is 
24 million pounds annually on n- and 
isobutyl alcohol. 


Plymouth Oil Co. has completed a 
Udex extraction unit at Texas City to 
turn out about 5 million gallons of 
nitration-grade toluene and 14 million 
gallons of virgin-mixed xylene and 
ethylbenzene yearly. 


Sherwin-Williams Co. will expand 
its phthalic anhydride capacity to 20 
million pounds per year at its Chicago 
plant. To be built by Badger Manu- 
facturing Co., the facility will use a 
fluidized catalyst-bed process. Esti- 
mated cost is $1.5 million. 


U.S. Peroxygen Corp., Richmond, 
Calif., has doubled its capacity for 
butyl peroxide with the recent com- 
pletion of expanded facilities. 


imperial Chemical Industries of 
Australia and New Zealand, Ltd., 
(ICIANZ) will build a carbon tetra- 
chloride plant designed by Scientific 
Design Co., Inc. The new plant at 
Botany, New South Wales, will use a 
hydrocarbon feedstock from a nearby 
refinery. Completion is scheduled for 


late 1962. 


Cia. Brasileira de Estireno will in- 
crease its Cubatao, Brazil, plant’s sty- 
rene capacity by about 25 percent. 
Completion is set for early 1962. The 
plant’s output, already doubled since 
1958, is used entirely by Brazilian 
polystyrene and chemical producers. 


Mitsubishi Petrochemical Co., 
Ltd., has completed a polyethylene 
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A good name to know... 


As an outgrowth of 68 years of designing and manufac- 
turing. lease production equipment for the oil and gas 
industry, BS&B has, in more recent years, developed a 
group of products which have found a wide range of appli- 
cation in the process industries. We invite you to become 
acquainted with these products and to request additional 
information on any or all... 


BS&B EXECUTIVE OFFICES: 7500 East 12th Street, Kansas City, Missouri 


BLACK, SIVALLS & BRYSON 


KANSAS CITY * OKLAHOMACITY + TULSA + EDMONTON + THE HAGUE 





The Catalyst they think of FIRST!... 
BzA BORON TRIFLUORIDE 


pound laboratory quantities right through to tank car lots. 

Make BFs the catalyst you think of first. The technical 
bulletins listed give full data on properties and known uses. 
Send for your copies now. 


Developing a process involving organic synthesis? Looking 
for the right catalyst? Whether you need ounces for labora- 
tory tests, or larger quantities for pilot plant or process runs, 
think of BFs first! Others do—and with good reason! BF; is 
the closest thing there is to a universal catalyst. 

In a broad spectrum of reactions, it speeds reaction rates, 
increases yields, lowers costs, refines through-put—in acyla- 
tion, alkylation, arylation, condensation, cyclization, esterifi- 
cation, halogenation, hydration, isomerization, nitration, and 
many others. 

Then think of General Chemical as the source for boron 
trifluoride in any form. As America’s primary producer of 
BFs, General has pioneered in its development, and initiated 
the practice of preparing various complexes for easier han- 
dling. They’re available for immediate shipment in one- 


HiT =xe| 


BAKER & ADAMSON® 
Fine Chemicals 


hemical 


TITLE CODE No. 
Boron Trifluoride, Compressed Gas 
Boron Trifluoride, Compressed Gas Handling Information 
Boron Trifluoride Dihydrate 
Boron Fluoride, Complexes with Nitrogenous Compounds . . .DA-3469-NIT-1 
Boron Fluoride, Complexes with Oxygen-Containing 
Compounds 
Boron Trifluoride, Ether Complex, Tech 
Boron Trifluoride, Monoethylamine Complex, Technical 
Boron Trifluoride, Phenol Complex, Tech. ................05- DA-34682 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 


Please send export inquiries to: Allied Chemical International, 40 Rector Street, New York 6, N. Y¥. 


For more data on advertised products, use cards, last page. 
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plant at Yokkaichi, Japan, producing 
15,000 tons per year. This capacity 
boosts Mitsubishi’s overall output of 
polyethylene to 25,000 tons yearly. 


Syria will have a nitrogenous ferti- 
lizer plant by 1964 producing 55,000 
tons of fertilizers per year. The facil- 
ity, being built at Homs, will reach 
full capacity of 110,000 tons by 1968. 


Nippon Soda Co. plans to construct 
a 150-ton-per-month toluene diisocy- 
anate plant next to its present 10-ton- 
per-month pilot plant at Takoka, 
Japan. The company developed its 
own process for the product and will 
offer it through Scientific Design Co., 
Inc. 


Toyo Continental Carbon Co. has 
completed a carbon black plant at 
Yokoshiba in Chiba Prefecture, Japan. 
Toyo Continental Carbon is jointly 
owned by Toyo Koatsu Industries, 
Inc.. and Continental Carbon Co. 


The Ohio Oil Co. is making another | 


step toward establishing outlets in 
Europe for its Libyan crude. The 
company has signed a tentative agree- 
ment with Wintershall A.G. to build 


a refinery near Mannheim, West Ger- | 


many. The agreement calls for a 60- 
40 partnership, with Wintershall 
holding majority control. Expected 
initial capacity will be 40,000 bpd. 


Stepan Chemical Co., Northfield, 
Ill., will build a $7-million phthalic 
anhydride plant in Puerto Rico. The 
facility, due onstream in the fourth 
quarter of 1962, will get its feedstock 
from Commonwealth Oil Refining 


Co. at Ponce, P. R. 


Showa Denko K.K., Tokyo, Japan, 
has been granted a license by Tennes- 
see Eastman Co, to produce poly- 
propylene in Japan. The agreement 


is subject to approval by the Japanese | 


government. 


Ube Kosan and B.F. Goodrich Co. 
have come to terms for producing cis- 
polybutadiene and cis-polyisoprene in 


Japan. Ube Kosan, under a 15-year | 


contract, will pay $500,000 for tech- 
nological assistance and royalties of 3 
percent and 2.5 percent respectively 


on sales of the two products. The | 


company expects to have a plant on- 


‘PRESSURE 
-PROTECTION 


Wherever, whenever pressure must be con- 
tained, the BS&B Safety Head provides func- 
tional, practical, and economical protection. 
Rupture Discs are available in pressure 
ratings from 5 to 100,000 psi., in sizes 
from 1% to 44”. Discs come in a wide 
selection of corrosion resistant mate- 
rials. The Safety Head functions as a 
primary, secondary relief device, or aS am 
an operational pressure release de- ~~ 
vice. For the complete safety head = 
story, ask for Bulletin #77-117. % 


SAFETY HEAD Headquarters: 
7500 E. 12th Street, 
Kansas City, Mo. 
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KANSAS CITY * OKLAHOMACITY * TULSA «© EDMONTON « THE HAGUE 





POWELL PERFORMANCE PAYS OFF 


It is a matter of record, in refineries everywhere, that 
Powell valve performance really is paying off. 

And equally important is the fact that whether you 
need valves to control the flow of water, oil, gas, air, 
steam or corrosive fluids—available in steel, bronze, 
iron or alloys—Powell has them. 

You'll find every Powell valve is designed by engi- 
neers long experienced with the industry’s valve 


requirements . . . and built by craftsmen who take 
pride making a valve you can count on. 

So, by filling your flow control needs quickly, with 
truly reliable valves from one source of supply, you too, 
can be sure of valve performance that will pay off. For 
further information or assistance with special problems, 
contact your nearby Powell valve distributor or write 
The Wm. Powell Company, Cincinnati 22, Ohio. 


ide 


Fs 


Ba. 


115th year of manufacturing industrial valves for the free world 


POWELL PETROLEUM VALVES 


THE WM. POWELL COMPANY CINCINNATI 22, OHIO 


For more data on advertised products, use cards, last page. 
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stream by September 1963 to make 
13,000 tons per year of cis-polybutadi- 
ene at Goi, Chiba Prefecture, Japan. 
Estimated cost of the project is $8.3 
million. 


Imperial Oil Co., Ltd., has begun 
production at a new benzene plant at 
its Sarnia, Ont., refinery. The plant, 
claimed to be Canada’s largest ben- 
zene facility, will turn out 30 million 
gallons of benzene yearly. Construc- 
tion cost $5 million. 


Union Rheinische Braunkohlen 
Kraftstoff A.G. has signed an agree- 
ment with Farbwerke Hoechst A.G. 
and its subsidiary, Knapsack-Gries- 
heim A.G., for a cracking plant in 
Wesseling, West Germany. The plant, 
to produce ethylene and propylene, is 
expected to go onstream the end of 
1963 with an annual capacity of 
about 70,000 tons of ethylene. 


Shell Oil Co. of Canada is soliciting 
bids for construction of a 31-000-bpd 
refinery it proposes to build near Oak- 
ville, Ont. Completion date for the . Tey. 
project is set for 1963. The four com- oo The BS&B/GE Mass Fidwmeter measures the 
panies that were asked to submit bids 2: = universal property of fluit? (MASS) providing a direct, 
ans eae Oe re Ole See i ee true, instantaneous readout in pounds, without re- 
ada, Ltd., Foster Wheeler, Ltd., Fluor -' g ; 
Corp. of Canada, Ltd, and C F g >’ » -* gard to pressure, temperature, density. The read- 
Braun & Co. ee a out is produced readily adaptable to existing 

; , communications systems for process control, dat 
Esso Standard S.A. will build a re- ew. ; ie d P " 
finery in Jamaica, to be the island’s handling or logging equipment. For complete infor- 


first. Design and engineering plans for [ii mation on the Mass Flowmeter, ask for 
the 26,000-bpd plant are in the mill. > a Bulletin #16-240. 
Construction contract has not yet : ' * : 


been let. es aii ‘ _. FLOWMETER Headquarters, 


British Petroleum Co.’s German [hy e : fi Box 1714, 
affiliate, Erdolchemie, will nearly ¢ ey , Oklahoma City, 


triple its petrochemical producing ca- . : ¥ Oklahoma. 
pacity by 1964-65 under an expansion . * 


“ 


- 


program estimated to cost $85 million. 
Erdolchemie is jointly owned by BP 
and Farbenfabriken Bayer. i ow 


- ll 


— ae 


. 


- 


> 
> 
Peroxidos $.A. will construct an 
autoxidation hydrogen peroxide plant 
near Saragossa, Spain. Production, 
due to begin in 1963, will be 1,500 
long tons yearly. La Porte Chemicals, 


Ltd., will furnish technical assistance 
on the project. 


W. R. Grace & Co.’s Overseas 
Chemical Division will build the first 
polyisobutylene plant in Great Britain 


ial tanta ah BLACK, SIVALLS & BRYSON 
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meet the demand for 


quality gasoline with Platforming 


Marketing petroleum products in the sixties promises 
to be a tight competitive race for quality. Processing 
will be pushed more and more to produce products 
that are of top quality, high octane and yet are 
profitable to produce. Platforming, designed, engi- 
neered, and licensed by UOP, produces top quality 
Platformate for high energy performance. 

Now is the time for refiners to evaluate their 
processing capabilities with the proposed future 
demand for the better gasoline products. Platform- 
ing enables a refiner to make a larger percentage of 
top quality gasoline and petrochemical intermediates 
- .- more profitable products. 


WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 


For more data on advertised products, use cards, last page. 





Platforming is economical to install, reliable and easy 
to operate. The process utilizes a platinum con- 
taining catalyst, that is highly active and hence 
provides a truly continuous operation. Platforming 
can handle the full boiling range gasolines without 
prefractionation, or naphtha cuts separated from 
them. Any refinery naphtha feed can be processed 
efficiently by Platforming. 

With more than a score of different processes UOP 
can offer you the most profitable method for either 
employing your existing facilities or for an entirely 
new operation. Let UOP engineers evaluate your 
processing needs now. 


UNIVERSAL OIL PRODUCTS COMPANY 


® 30 Algonquin Road, Des Plaines, Illinois, U.S.A. 
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uled for completion by the end of 
1962, the plant will be designed and 
constructed by Parsons-Power Gas, 
London, and will have an annual ca- 
pacity of 8 million pounds. Cosden 
Petroleum Corp. furnished the license 
for the facility’s process. 


Mitsubishi Chemical Industries is 
shooting for 90 tons per month of 
cyclohexylamine in Japan with an ex- 
pansion which will double present 
capacity. The product is used as raw 
material for sodium-cyclohexy]l- 
sulfamate. 


Australian Carbon Black, Pty., 
Ltd., jointly owned by Cabot Corp. 
and United Carbon Co., has com- 
pleted an expansion of its carbon 
black capacity at Altona, Victoria, 
Australia, bringing annual output up 
to 60 million pounds. Prior to in- 
crease, which cost $1.2 million, the 
company had to import about 16,009 
tons of carbon black per year. 


Ethiopia will have a refinery engi- 
neered and constructed by Soviet tech- 
nicians. Construction will begin soon 
on the 9,600-bpd plant, which will be 
at the Red Sea port of Assab. 


North Thames Gas Board has 
awarded a contract to Power-Gas 
Corp., Ltd., for the construction of a 
60-MMcfd gas reforming plant. The 
facility, to go onstream at Southall, 
England, in July 1963, will use a hy- 
drocarbon feedstock from the Esso re- 
finery at Fawley, Hampshire. 


Ente Nazionale Idrocarburi expects 
to complete negotiations shortly for 
expansion of Yugoslav refineries. ENI 
will participate in expanding Yugo- 
slavia’s three largest refineries at Isak, 
30 miles from Zabrabria, at Fiume 
and at Bosanski Brod. ENI is also ex- 
pected to help in building a refinery 
at Pancevo near Belgrade to be the 
largest in the country. 


Fabricaciones Militares has com- 
pleted an ammonium sulfate plant 
with a daily capacity of 40 tons in 
Argentina. It is the first synthetic am- 
monium sulfate facility in Argentina. 


Texaco, Inc., plans to construct an 
80,000 to 100,000-bpd refinery in 
Great Britain. The venture will be 


jointly owned by Texaco and Caltex. HS 








BS&B’s line of pneumatic control 
valves have received wide 
acclaim for their ability to 
provide dependable, troublefree 
service. Together with a line of 
complimentary accessories, they 
provide the ultimate in process 
control. For the complete story 
on BS&B Control Valves and 
accessories, ask for Bulletins 
#70-275 and #72-117. 


CONTROL Headquarters, 


15 North Cincinnati, Tulsa, Oklahoma 
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..JUST CHANGE PACKINGS 


Does it sound like too simple a solution? 
«Operating cost histories confirm that this is 
the answer, over and over again. 





Take, for example, Mobil Oil 
Company’s Paulsboro, New 
Jersey refinery. Faced with 
the need for additional fur- 
fural-lube oil extraction capacity, Mobil 
requested a survey by U. S. Stoneware’s engi- 
neers, who uncovered the hidden additional 
capacity of their existing column. It was evi- 
dent that the higher refining rate could be 
better accommodated by replacing the Raschig 
Rings in the tower with INTALOX® Saddles. 





For detailed data on Intalox Saddles 

and how they can help you solve 

i many problems in mass transfer, 
B\\\ Write for Bulletin S29R. 


The new packing was installed during a sched- 
uled maintenance turnaround. 


Now, after more than two years of operation 
with “INTALOX” Saddles, not only has the out- 
put been greater, but an extra dividend has 
been obtained in improved product quality. « 


Perhaps your particular mass transfer prob- 
lem can be solved as easily. Our extensive 
development and research program continu- 
ously accumulates more data and “know-how” 
to aid in the solution of your problems. The 
knowledge and experience in this specialized 
area are always available to you WHEN YOU 
CONTACT U. S. SFONEWARE FARST. 


PROCESS EQUIPMENT DIVISION 
Pol 


U. S. STQNEWARE 


AKRON 9, OHIO 376-G 
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Caltex earlier had announced pro- 
posed construction of a refinery in 
Southhampton, but later dropped 
plans. 


Japan is considering construction of 
its first state-owned refinery. The 
plant would serve as outlet for certain 
crudes that Japanese producers are 
finding difficult to sell in competition 
with the country’s other imported 
supplies. Ministry of International 
Trade & Industry, which is consider- 
ing idea, also is weighing enactment 
of a bill to further curb nation’s oil 
industry. 


Continental Oil Co. plans to build 
a 60,000-bpd refinery in Italy as its 
latest step in lining up outlets for its 
Libyan crude in Europe. The plant, 
slated to be built near Pavia in North- 
ern Italy, will be Conoco’s first Eu- 
ropean refinery. 


Amoco Italia, a Standard Oil Co. 
(Indiana) affiliate, has filed applica- 
tion with the Italian government to 
triple the capacity of its 20,000-bpd 
refinery at Cremona. 


Sumitomo Chemical Co., Ltd., has 
placed an acetylene-ethylene plant 
onstream at Niihama, Ehime Prefec- 
ture, Japan. Plant capacity: 25 tons 
per day of acetylene and 50 tons daily 
of ethylene. The facility employs a 
process of Societe Belge de L’ Azote 
et des Produits Chimiques du Marly 
(SBA). 


Camel, an Algerian firm, will install 
a natural gas liquefaction plant at 
Port Arzew near Oran in North Af- 
rica. To handle gas deliveries from 
Hassi R’ Mel in the Sahara, the in- 
stallation will be a link in a large 
import program of the British Gas 
Council which plans to ship the prod- 
uct to Great Britain. 


Soc. Toulousaine de Produits 
Chimiques (Tolochimie) is building 
a TDI unit at Toulouse, France. The 
firm is owned by Rhone-Poulenc and 
Usines de Melle. 


Soc. Chimique de la Grand Par- 
eisse plans to erect an ammonia- 
fertilizer complex at Donges, France. 
The facility will be based partly on 
refinery gas and partly on natural gas. 


o 


corrosion. 
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If storage holding or handling corrosive, caustic, or erosive solu- 
tions is a problem, BS&B’s Poxyglas tanks provide the most 
economical answer. Poxyglas storage structures are filament wound 
in a controlled pattern, which produces a structure of lightweight 
(lighter than steel of the same size) with high tensile strength. For 
the complete story on Poxyglas, write for Bulletin 45/115. 


POXYGLAS Headquarters, Ardmore Industrial Air Park, Ardmore, Oklahoma 


BLACK, SIVALLS & BRYSON 


KANSAS CITY * OKLAHOMACITY * TULSA * EDMONTON + THE HAGUE 


IT’S CHEAPER T0 


Yuba also manufactures a complete line 
of shell and tube heat exchangers, and 
will recommend either type, whichever 
is required or best suited for the job. 


KILL 
EAT 


WITH AIR 


COM PARE TRANSAIRE ... no matter what your water 


situation. Transaire air-cooled heat exchangers already have found wide 
acceptance in areas where water cooling is impractical or impossible. 
And now, finding that Transaire is less expensive to operate, even where 
water is plentiful, other areas are turning to this economical unit. 

Simple in basic design, Transaire units are being used in many varied 
operations where low maintenance and low operating costs are impor- 
tant over extended periods of time. The high heat transfer efficiency 
is attained by use of the Yuba fintube. Its exclusive design employs 
tapered spiral fins mechanically bonded so that the entire base tube 
is covered and protected against the galvanic action that destroys 
efficiency in many other types of fintube. Both fins and base tubing 
can be provided in almost any material, size or gauge desired. Fin 
spacing and height can be varied to requirements. It’s cheaper to kill 
heat with air — next time compare Transaire, a product of Yuba, 
pioneers in air-cooled heat exchangers. 


specialists in heat transfer equipment 


YUBA HEAT TRANSFER CORPORATION 


Tulsa, Oklahoma 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Chicago + Houston « Los Angeles «+ New York « Pittsburgh « San Francisco 


INTERNATIONAL LICENSEE: Birwelco Ltd., Birmingham, England (United Kingdom, British Commonwealth). 
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Happenings... 





(Continued from Page 49) 


cents per pound import tax on 
polyethylene pellets and powder. West 
Germany has new anti-dumping 
tariff law, effective in January. Euro- 
pean Economic Community is study- 
ing plan to combat cost cutting by 
third parties. The big picture: It’s 
same old story of competitive enter- 


prise. U.S. is making polyethylene: 


cheaper in big-volume plants. 
Europe’s smaller plants can’t compete. 


Italy’s petrochemicals 

Italians seem to have no fear of 
overcapacity in export-import di- 
lemma with mass building and expan- 
sion of petrochemical plants. Great 
faith in expanding local markets and 
tremendous potential of European 
Common Market to absorb increased 
production seem apparent. 

Plants and expansions in Italy’s 
petrochemical boom: Rumianca, sec- 
ond in size after Montecatini, plans 
$50-million complex in Sardinia; 
ANIC, 51 percent state owned 
through ENI, has sights set on in- 
creased production at Gela for poly- 
ethylene, ethylene, aromatics, urea and 
ammonium sulfate; ANIC is also 
boosting capacity at its Northern Italy 
fertilizer complex and synthetic rub- 
ber output at Ravenna. 

Edison Co. boasts its polyvinyl 
chloride capacity is 50 percent of cur- 
rent total Italian production. Its joint 
effort with Union Carbide places 
polyethylene output at 60 million 
pounds by end of 1961. 

Even more in store for 62: Monte- 
catini’s huge Brindisi plant is due on- 
stream next spring. Output there will 
about double present polyethylene 
and polypropylene. Added to this: 
Large capacities for acetylene, 
naphthalene polybutene, phthalic 
anhydride, maleic anhydride and sev- 
eral other petrochemicals. At Terni, 
Montecatini is about doubling poly- 
vinyl chloride capacity. 


GOVERNMENT 





Public to see studies 


Look for two important studies of 
oil supply and demand that could 
affect import controls to be made 
public early next year by Office of 


HEAT 


energy 


BS&B’s Uniflux Heat Exchanger utilizes a fuel 
reactor as a heat source. The fuel reactor 
allows the utilization of a broad range of fuels. 
Even waste gases and fuels with low BTU con- 
tent can be used just as effectively as the 
better grade fuels. 


Hot gases are discharged from the fuel reactor 
into the heat exchanger at high velocity and 
with no flame impingement. Uniform heat flux 
is maintained by an unusual system of forced 
re-circulation (‘jet pump effect’). 
For complete information on Uniflux, 

ask for Bulletin 40-112 

UNIFLUX Headquarters, Box 1714, Oklahoma City, Okla. 
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NUCLEAR 
COOKER 


Andy and Brandy seem to have 
the latest approach to thgir heat 
transfer problem 


Are your heat transfer problems being solved 
the modern way—the Heliflow way? 


Here is why thousands upon thousands of Heliflow installations have 
far eclipsed other heat exchanger designs in producing 


e Higher rates of heat transfer 


® Trouble-free operation year in and year out, regardless of tempera- 
tures or pressures 


e Compact design—in a complete range of sizes 


e Close temperature approach (due to unique Heliflow construction) 
e Minimum first cost based on dollars per BTU rate 


Industries in the United States demanding the most exacting require- 
ments have made Heliflow their standard heat exchanger for hun- 
dreds and hundreds of applications. 


Call our sales engineer in your area. He is trained to give you the 
correct answers—the modern answers. 


Mettiowr Corporatiors 


GRAHAM MANUFACTURING CO., INC. 
170 GREAT NECK ROAD - GREAT NECK, N. Y. 


Offices in principal cities and Canada 


or ee a Phantom view showing unique 
actory: Batavia, New Yor’ j i 
Other Graham-Heliflow precision-built products: , cape Semen 
Steam Jet Ejectors, Monobolt Heat Exchangers, 
Deaerating Heaters, Surface and Barometric Condensers, 
Steam Vacuum Refrigeration, Aquadyne Evaporative Condensers, 
Panaflow Exchangers. 
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Happenings ... 


Emergency Planning. Subject of first 
study: Projection of U.S. Petroleum 
requirements for 1965 and 1975 and 
plans for supplying these needs, Sec- 
ond study: To be compiled by Mili- 
tary Petroleum Advisory Committee 
(technical experts from 23 major oil 
firms), will report on worldwide 
petroleum needs during national 
emergencies. 


Award Winner 

Wortp On, sister magazine 
of HyprocaRBON Processinc & 
PETROLEUM REFINER, has won a 
first place award in Industrial 
Marketing Magazine’s annu-! 
editorial achievement competi- 
tion for business publications. 
The award was for the category 
“best series of articles, industrial 
publication classification.” 
Wor._p Ot’s entry was a two- 
part series entitled “Fishing— 
Current Oil Industry Tech- 
niques and Tools,” which 
appeared in the August and 
September 1960 issues. The 
magazine is one of three pub- 
lished by Gulf Publishing Co., 
each specialized for a main seg- 
ment of the oil industry— 
processing, pipelining, and drill- 
ing, exploration and production. 


- Changing Times - 

Eyes turn to continental oil policy 
as Independent Petroleum Associa- 
tion of Canada hails IPAA’s action in 
urging continental oil policy as big 
victory for the principle of such a 
policy. 

Conoco shuts down its refinery at 
Wichita Falls, Texas. Reason: Built 
in 1919, plant has become obsolete 
and uneconomical to operate, reports 
Conoco officials. 

Sales of oil products in U.S. in 1962 
will show 2-percent increase over 
combined actual and projected sales 
volume for 1961, according to a sur- 
vey of preliminary capital spending 
plans for 1962-63. 

“Chemical Progress Week” will be 
observed during week of April 9-13, 
1962, by chemical companies and 
their local facilities across U. S. Pur- 
pose of observance: “to emphasize 
how chemistry, chemical research and 
chemical industry beneficially con- 
tribute to American people in their 
daily lives.” 


Penetron measures the thickness of tube, pipe and vessel walls 
without the necessity of stopping flow, dismantling, or drilling 
holes. It is portable, weighing just a few pounds. With the 
Penetron, a thorough inspection analysis is quickly made of 
the corrosive condition. How? Ask for Bulletin 1010, Penetron, 
2139 South Sheridan, Tulsa, Oklahoma. 


KANSAS CITY * OKLAHOMACITY * TULSA »* EDMONTON + THE HAGUE 


Ac BLACK, SIVALLS & BRYSON 




















Cost of one-dimensional 
criticality computations drops 
from an average of *'75.00 

to *7.50 per problem 


Faster computing, less travel time are the reasons why 
General Nuclear Engineering Corporation has realized 
such cost savings since it installed an IBM 1620 Data 
Processing System at its Dunedin, Florida plant. 

Since its main computing facilities are not located at 
Dunedin, General Nuclear has found that the new 1620 
eliminates much of the travel time and expense involved 
in taking problems to off-site computers. In addition, the 
1620 performs the simpler criticality computations 10 
times faster than the computer previously used at one of 
General Nuclear’s off-site data processing centers. 

General Nuclear uses its new 1620 for other problems, 
too...heat transfer calculations, various transient codes, 
mathematical routines for the physics and engineering de- 
partments, multi-group calculations, and many other jobs 
you might expect only a much more expensive computer to 
be able to handle. 

This isn’t all. General Nuclear uses the 1620 to do statis- 
tical analyses and variance calculations on input data for 
programs run on off-site large-scale IBM computers. 

For information on this highly versatile, low-cost data 
processing system, which rents for as little as $1600 a 
month, contact your local IBM Representative. 


Easy to program. FORTRAN, IBM's scientific computer language is avail- 
able for the 1620. General Nuclear scientists use a special scientific 
interpretive program—FiDO—written by the Manager of their Comput- 
ing Section. 


® 
DATA PROCESSING 





NEW Thermocouple 
Selector 


Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 


These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 


Capacities—OF F to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate 1 to 144 sensing elements— 
locking or non-locking construction. Choose 
from several different cabinets, 


ee re a ae 


AF a 


PUSH BUTTON SWITCHES 


OFF to 72 points—interlocking construc- 
tion so that one switch remains “on” until 
another is actuated. 


Write today for catalog 24-2-19 


~ 





- 
Thermo 
Electric CO,, INC. 


SADDLE BROO%X, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
y, 
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Meetings Calendar 


December 


cca eue American Chemical Society, Division of Industrial and Engineering 
Chemistry, Christmas Symposium, University of Delaware, Newark, 
Del. 





Society of Automotive Engineers, Annual Meeting, Cobo Hall, Detroit, 
Mich. 

National Association of Corrosion Engineers, Canadian Region Eastern 
Division Conference, King Edward Hotel, Toronto, Ont. 

Natural Gas Processors Association, Gulf Coast Regional Meeting, 
Robert Driscoll Hotel, Corpus Christi, Texas. 

National Plant Engineering & Maintenance Show, Convention Hall, 
Philadelphia, Pa. 

National Petroleum Refiners Association, Gulf Coast Regional Meeting, 
Ben Milam Hotel, Houston, Texas. 





American Institute of Chemical Engineers, National Meeting, Statler 
Hotel, Los Angeles, Calif. 


..**NGPA, South Louisiana Regional Meeting, Lafayette Petroleum Club, 
Lafayette, La. 





March 


a ee American Society of Mechanical Engineers, Gas Turbine-Process In- 
dustries Conference, Shamrock Hilton Hotel, Houston, Texas. 
*NPRA, Eastern Regional Meeting, Sheraton-Cleveland Hotel, Cleve- 
land, Ohio. 
..**NGPA, Oklahoma Regional Meeting, Sheraton-Oklahoma Hotel, Okla- 
homa City, Okla. 
a NACE, Meeting, Municipal Auditorium, Kansas City, Mo. 
20-29......ACS, National Meeting, Washington, D. C. 





April 
2- 4 
9-10 


*NPRA, Annual Meeting, Granada Hotel, San Antonio, Texas. 
Instrument Society of America, National Chemical & Petroleum In- 
strumentation Symposium, Wilmington, Del. 
ASME, Oil and Gas Power Division Conference, Shoreham Hotel, 
Washington, D.C. 
Pre American Society for Metals, Regional Conference and Exhibiton: 
Materials and Materials Processing for Petroleum, Petrochemical and 
Chemical Industries, Shamrock Hilton Hotel, Houston, Texas. 
25-27....**NGPA, Annual Convention, Denver-Hilton Hotel, Denver, Col. 
30 - 
peay 3... ASME, Design Engineering Conference & Concurrent Show, Chicago 
Exposition Center, Chicago, IIl. 





ASME, Maintenance and Plant Engineering Conference, Royal Orleans 
Hotel, New Orleans, La. 


..**NGPA, Permian Basin Regional Meeting, Lincoln Hotel, Odessa, Texas. 


American Petroleum Institute, Division of Refining, Midyear Meeting, 
Fairmont & Mark Hopkins Hotel, San Francisco, Calif. 





ASME, Summer Annual Meeting, Hotel Frontenac, Quebec, Canada. 

*NPRA, Mid-Continent Regional Meeting, Lassen Hotel, Wichita, Kan. 

International Gas Chromatographical Symposium, Hamburg, West 
Germany. 

Chemical and Petroleum Engineering Exhibition, Olympia, London, 
England. 

ISA, AIChE, AIEE, IRE, Joint Automatic Control Conference, New 
York University, New York, N.Y. 





*NPRA—National Petroleum Refiners Association. 
**NGPA—Natural Gas Processors Association. 
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The technical, training and marketing services that this tankcar represents are a bonus that users 
of DuPont antiknocks find as valuable to them as the antiknocks are to their gasolines. Helping 
you profit from these services is another practical advantage of doing business with Du Pont. 

E. |. duPont de Nemours & Co. (Inc.), Petroleum Chemicals Division, Wilmington 98, Delaware. 


ANTIKNOCKS and other PETROLEUM ADDITIVES 


R86. u 5 pat. OFF 


Better Things for Better Living through Chemistry 





DO} 


© o/ sh AJfA48 2d? OE VES LULL 


YOU CAN SAVE MONEY ON 
PROCESS PIPING SYSTEMS! 


The ultimate installed cost of corrosion- 
resistant process lines can be substantially 
reduced ... where pipe line design specifi- 
cations take full advantage of up-to-date 
developments in improved fittings design 
and new piping standards. 


The most recent issue of the Code for Pressure Piping, ASA B31.3-1959, allows use 
of light wall Stainless Steel Schedules 5 and 10 pipe and fittings for critical process 
lines to a degree not possible with outdated specifications. The broader scope of 
pressure-temperature operating conditions included in this new code, permits com- 
putations utilizing these more economical wall thicknesses. This, plus a specification 
recognizing the efficiency of Speedline fittings, guarantees a soundly designed 
system at a lower installed cost. 


Every Speedline fitting has built-in advantages that contribute to lower 
installation cost because they are designed especially for use with light wall 
Schedules 5 and 10 pipe. Speedline’s extra length feature means butt joints 
are easier to align and easier to weld because you’re always connecting 
“straight to straight”. There’s ample clearance to attach flanges to any or all 
ends of a Speedline fitting without fouling —by expanding or welding. Speedline 
aligning connectors assure sound socket-joining for both pipe and fittings. 
With Speedline —one fitting does it all. Review your process piping specifications 
to be sure they call for all of the cost savings possible with light wall pipe 
and modern Speedline fittings. 





Speedline / CORROSION-RESISTANT FITTINGS 
® 


STAINLESS STEEL * ALUMINUM ® SPECIAL ALLOYS 





A PRODUCT OF HORACE T. POTTS COMPANY * 566 E. ERIE AVENUE, PHILADELPHIA 34, PA. 
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Men in HP 1... 





Walter Boon, Sun Oil Co., Marcus 
Hook, Pa., has been awarded the API 
Certificate of Appreciation from the 
Central Committee on Accident Pre- 
vention and the Central Committee 
on Fire Protection. Others who re- 
ceived the same award from the com- 


Miller 


mittees are: W. E. Lovejoy, Standard 
Oil Co. of California, San Francisco; 
John C. Howard, American Oil Co., 
Whiting, Ind.; and E, G. Miller, 
Humble Oil & Refining Co., Baton 
Rouge, La. The certificates were pre- 
sented at the API annual meeting in 
Chicago, November 13-15. 


Howard 


John M. Brown has been named 
general manager of manufacturing, 
Murphy Corp. Brown, manager of 
the company’s refinery at Superior, 
Wis., since February 1959, will be lo- 
cated at Murphy’s home offices in El 
Dorado, Ark. He will direct refining 
operations at Superior, Wis., and 
Meraux, La. Brown was manager of 
American Oil Co.’s El Dorado refin- 
ery prior to joining Murphy in 1959. 


Albert L. Nickerson has been elected 
chairman of the board of directors, 
Socony Mobil Oil Co., Inc., succeed- 
ing Fred W. Bartlett, who has retired. 
Nickerson has been president of 
Socony Mobil since 1955 and chief 
executive officer since 1958. He will 
continue as chief executive officer. 
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Herbert Willetts has been named pres- 
ident of Socony Mobil. For the past 
two and a half years Willetts has 
been an executive vice president of 
Socony Mobil and president of its 
Mobil Oil Co. Division. He was 
elected a director of Socony Mobil in 
1951 and a vice president in 1953. 
Fred H. Moore has been appointed a 
member of the board of directors and 
an executive vice president of Socony 
Mobil. Also, he will succeed Willetts 
as president, Mobil Oil Co. 


Howard J. Grady has been elected 
president and manager, International 
Division, California Chemical Co. 
Succeeding Grady as head, Ortho 
Division, will be Ernest F. Goodner, 
formerly president of American Gil- 
sonite Co. Goodner also will be a vice 
president and director of California 
Chemical and Grady will continue to 
hold similar positions. 


Francis C. Moriarty, vice president 
of manufacturing, Aurora Gasoline 
Co., has been named manager of 
domestic refining 
for Aurora’s parent, 
The Ohio Oil Co. 
Moriarty, who will 
handle operations 
of Ohio’s three re- 
fineries at Robin- 
son, Ill., and Detroit 
and Muskegon, 
Mich., will head- 
quarter in Findlay, 
Ohio. Prior to join- 
ing Aurora in 1950 as assistant vice 
president of manufacturing, he was 
an engineer, department head and 
presidential assistant for Universal Oil 
Products Co, He has been a vice pres- 
ident of Aurora since 1952. 


Moriarty 


C. L. Johnson has been elected presi- 
dent, National Lubricating Grease 
Institute. President of Jesco Lubri- 
cants Co., Inc., North Kansas City, 
Mo., Johnson had previously served 
as secretary and vice president of the 
institute. He has been a member, 
board of directors, of the association 
since 1953. T. F. Shaffer, manager of 
the industrial products department, 
Shell Oil Co., New York, has been 
made vice president, after serving 
last year as secretary. 


Dr. J. D. Lindsay, head of the De- 
partment of Chemical Engineering at 
A & M College, 
Bryan, Texas, has 
received the Distin- 
guished Service 
Award from AI- 
ChE’s South Texas 
section. J. C. Up- 
church, Union Car- 
bide Chemicals 
Co., Texas City, 
has been selected 
Outstanding Young 
Member. Dr. D. R. 
Longmire, Texas 
Butadiene and Chemical Corp., and 
D. D. Roselius, Humble Oil & Refin- 
ing Co., have received publication 
awards. Dr. Lindsay helped found 
the South Texas section of AIChE. 


‘ndsay 


L. F. McCollum, president of Conti- 
nental Oil Co., Houston, has been 
elected chairman of the board of di- 
rectors, American Petroleum Insti- 
tute. He succeeds M. J. Rathbone, 
president of Standard Oil Co. (New 


Jersey). 


Wilton E. Scott has been elected 
president and a director of Tenneco 
Oil Co. Scott replaces Gardner 
Symonds, who has been serving on an 
interim basis. Symonds resigned as 
president, but continues as chairman 
of the board. Scott, who joined Ten- 
neco’s parent, Tennessee Gas Trans- 
mission Co., in 1955, was previously 
senior vice president of Tenneco. 


Otto N. Miller has been elected 
president, Standard Oil Co. of Cali- 
fornia. Miller re- 
places T. S. Peter- 
sen, president since 
1948, who has re- 
tired. Miller, with 
the company for 27 
years, has been a 
director since 1959 
and a vice presi- 
dent since 1954. 
For the past 10 
years, he has been 
head of refining ac- 
tivities throughout the U.S.; in charge 
of Standard’s East Coast operations; 
and director of Caltex. He joined 


Miller 
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FLUSH AWAY CONTAMINATION 
Haws Emergency Drench Showers 
instantly flood contaminated persons 
with a deluge of water, protecting 
against injury from caustic chem- 
icals, vapors, acids or volatile fuels. 
Write today for Haws fully detailed 
safety catalog. 

HAWS DRINKING FAUCET CO. 
Fourth and Page Streets * Berkeley 10, Calif. 


CONTAMINATED EYES SAVED 
A Haws Eye-Wash Fountain in- 
stantly sends soothing water into 
injured eyes to wash away volatile 
fuels and acids. Accidents happen— 
but you can prevent serious damage. 
Write today for Haws fully detailed 
safety catalog. HAWS DRINKING 
FAUCET CO., Fourth & Page 
Streets, Berkeley 10, California. 
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Men... 


the firm in 1934 as a researcher, Re- 
search and Development Department, 
El Segundo, Calif., refinery. 


R. C. Beal, formerly chief engineer, 
has been named manager of engineer- 
ing, British American Oil Co., Ltd., 
at the Toronto head office. Other ap- 
pointments at Toronto. R. O. Camp- 
bell, formerly chief chemist, has 
become manager, product develop- 
ment; R. E. Harris, manager, Edmon- 
ton, Alta., refinery for past four years, 
has been made manager of planning 
and services; R. D. Meagher, assistant 
manager at the Calgary, Alta., plant, 
has been promoted to mechanical 
engineering coordinator; and S. K. 
McWalter, operating superintendent 
at the Port Moody refinery since 
1958, has been advanced to coordina- 
tor of process engineering. 


Jacques Collard has been named 
president directeur general of Union 
Industrielle des Petroles. Collard was 
director of crude sales for SN Repal. 
IP is owned 60 percent by the French 


| government and 40 percent by 
| Caltex. 


Marvin Chandler has been elected 
chairman of the 40-man board of 
trustees of the Institute of Gas Tech- 
nology. Chandler is president of 
Northern Illinois Gas Co. and _ its 
subsidiary, NI-Gas Supply, Inc., and 
a vice president, American Gas Asso- 
ciation. 


Arthur W. Goodwin has been pro- 
moted to chief engineer at American 
Oil Co.’s General Engineering De- 
partment, Whiting, Ind. Other men 
who received the same promotion are: 
Robert L. Meuleners and John F. 
Snuggs. Those made head engineers 
in the department are: Emmanuel J. 
Stanton, Wilmer M. Duvall, Joseph 
Guarawitz and Robert Diekman. 


Allan J. Miller has been elected 
assistant treasurer, The Standard Oil 
Co. (Ohio). Miller started with the 
company in 1948 as a tax analyst 
and was promoted to financial ana- 
lyst in 1953. Since 1959, he has been 
in the treasurer’s section as a staff 
assistant. 


HYDROCARBON 


Hugh L. Myers has been named 
assistant refinery engineer at Sun Oil 
Co.’s Marcus Hook, 
Pa., refinery. He 
has been succeeded 
as section chief, 
Technical Service 
Division, by James 
R. Calkins. Myers. 
who holds a B.S. 
degree in chemical 
engineering from 
Cornell University, 
joined Sun in the 
Research and De- 
velopment Division in 1948 and be- 
came a section chief in technical serv- 
ice in 1956. Calkins has been with 
the company si.ce 1951. 


Myers 


John R. Eck, St. Louis, has been 
elected a vice president of Monsanto 
Chemical Co. and appointed general 
manager of the company’s Plastics 
Division, after serving as assistant 
general manager of that division. 
Robert K. Mueller, St. Louis, has 
been elected a member of Monsanto’s 
board of directors and a member of 
the executive committee. He was a 
vice president and general manager. 
Plastics Division. 


John H. Johnsen has been named 
director of technical service and op- 
erating procedures, American Oil 
Co., Chicago general office. Johnsen 
succeeds Walter T. Herget who has 
transferred to foreign operations with 
Standard Oil Co. (Indiana). Ameri- 
can’s parent. Norman T. Robey, 
manager of the American Oil refinery 
at Neodesha, Kan., will succeed John- 
sen as manager, Wood River, IIl., re- 
finery. Edward R. Grey replaces 
Robey as manager at Neodesha, and 
Delmar G. Debo, assistant manager, 
Casper, Wyo., refinery, succeeds Grey 
as manager, Baltimore, Md., refinery. 


Donald M, Cox, coordinator of 
supply and transportation, Humble 
Oil & Refining Co., has accepted a 
management position with Esso A. G. 
in Germany. Cox will be elected a 
member of the Esso A. G. board of 
directors. 


Rupert T. Bradley has been ap- 
pointed production manager, Union 
Carbide Olefins Co. Bradley, who will 
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the Ingersoll-Rand 


POWER-RECOVERY 


COMPRESSOR 
SYSTEM 














Designed for maximum performance and dependability 
with modern high-temperature cycles 


Operating entirely from by-product energy available 
in the nitric acid plant, the new Ingersoll-Rand Power- 
Recovery Compressor System combines the latest 
advances in both compressor and expander design. 

Developed after years of research, the completely 
integrated self-powered system includes an I-R inter- 
cooled CVM air compressor driven by a _ hot-gas- 
expander turbine. An auxiliary steam turbine is used 
for start-up and contributes the small amount of addi- 
tional power required for normal operation. 

The expander turbine, driven by hot waste gases 
from the acid plant, is designed for operation at gas 
temperatures of 1100F or higher, taking full advan- 
tage of the higher efficiencies obtainable with high- 
temperature cycles. 


The CVM centrifugal compressor with integral 
inter-stage coolers provides the optimum combination 
of compressor efficiency and air heating requirements. 
And the steam turbine provides low-cost auxiliary 
power from by-product steam from the waste-heat 
boiler. Any other type of auxiliary driver can be sup- 
plied if desired. 

Ask your Ingersoll-Rand engineer for complete 
information, or send for Bulletin 8280 


Ingersoll-Rand. 


309A12 1) Broadway, New York 4. N.Y 


THE WORLD'S MOST COMPREHENSIVE COMPRESSOR EXPERIENCE 
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AIRETROL 


Typical of the speed with which tube 
maintenance and fabrication can be 
accomplished is the performance of the 
Airetrol automatic expansion control. 
Easy to operate . . . one man can roll 


12 tubes a minute to .001” accuracy. 
Fast micrometer setting, convenient 
roll throttle, quick change chuck and 
rugged air motor combine to step up 
tube maintenance with accuracy. 


y BETTER... 


CONDENSER 
CLEANER 


Because of Airetool’s precision design, 
accuracy is maintained; downtime held 
to a minimum. For instance, the CC- 
475 Condenser Cleaner's air motor op- 
erates at 3800 RPM to clean out the 
toughest deposits while its built-in 
flushing system washes away chips and 
keeps bit cool. 


¥ AT LOWER COST... 


fs \ 


-—~ - 
= 


INTERNAL CUTTER 


Representative of the low-cost opera- 
tion of Airetool’s complete line of 
pneumatic tools for maintaining and 
fabricating tubular equipment for heat 
exchangers, condensers, etc. Powerful, 
lightweight air motor speeds work, gets 
equipment back into service faster. 





Airetool also makes a full range of brush 
heads and other type cleaners for straight or 
curved tubes and, in addition, a complete 
line of production tools and grinders. Write for 
a free demonstration in your plant. 


Srey 
AIRETOOL 


MANUFACTURING COMPANY 





SPRINGFIELD, OHIO 


Representatives in principal 


cities of the free world. 
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Men... 


be located in New York, was pre- 
viously plant manager of Union Car- 
bide Chemicals’ Whiting, Ind., plant. 


Robert B. Swope and Robert P. 
McMillan have been elected to the 
board of directors, Air Products and 
Chemicals, Inc. Swope is founder and 
chairman of Southern Oxygen Co.; 
McMillan is president of the com- 
pany. Both men will continue to head 
Southern Oxygen, owned by Air 
Products, while on the board. 


E. L. Stauffacher, vice president of 
Cities Service Co., has been named 
coordinator of light end products for 
the Cities Service system in addition 
to his vice presidency. He makes his 
headquarters in New York. 


Sir Harold Snow, deputy chairman 
and managing director of British Pe- 
troleum Co., will retire at the end of 
1961. He will remain on the board of 
directors. 


Leo A. Castler has been promoted to 
chief process engineer, Design Divi- 
sion, Socony Mobil Oil Co.’s Engi- 
neering Department. Castler joined 
the company as an engineer in 1943 
on the West Coast. He became proj- 
ect engineer in 1951, chief design en- 
gineer in 1954, and moved to New 
York in 1960 as chief utility engineer. 


Dr. A. J. Buselli will join Texas Bu- 
tadiene & Chemical Corp. as vice 
president, research and development. 
Dr. Buselli has been with W. R. 
Grace & Co., where he was director 
of research, Polymer Chemicals Divi- 
sion. 


P. J. Golla has been promoted to 
senior chemical engineer, Distillation 
and Finishing Department, Process 
Technical Division, Humble Oil & 
Refining Co.’s Baytown, Texas, re- 
finery. He is now serving on a rota- 
tional assignment as assistant general 
foreman, Lube Finishing Department. 


William Franklin Matheny has 
joined the executive staff of Pacific 
Petroleums, Ltd., as an advisor to 
management on petrochemical devel- 
opment. Matheny who lives in Cal- 
gary, Alta., graduated from the Uni- 
versity of Oklahoma. 


T. B. (Tom) Murphy has been elected 
president of both Western Oil & Fuel 
Co., Minneapolis, 
and of Interna- 
tional Refineries, 
Inc., Wrenshall, 
Minn. Murphy has 
been executive vice 
president of West- 
ern Oil & Fuel 
since May 1961. 
He succeeds Henry 
M. Baskerville, Sr., 
who has resigned. 
Before joining 
Western Oil & Fuel in 1952 as vice 
president in charge of marketing, 
Murphy was with another oil com- 
pany for 20 years. 


Murphy 


Arthur A. Andros has been ap- 
pointed manager of project design for 
Mobay Chemical Co. at Pittsburgh, 
Pa., after serving as general main- 
tenance superintendent at Monsanto 
Chemical Co.’s John F. Queeny 
plant, St. Louis. Mobay is a Mon- 
santo associate. 


George M. Eisey has been appointed 
assistant to the president, The M. W. 
Kellogg Co., New York. Elsey will be 
located in Washington, D. C. His pri- 
mary duties will be with long range 
planning. 


Marvin J. Den Herder has been 
made technical associate, Research 
and Development Department, Amer- 
ican Oil Co. Dr. Den Herder joined 
the company in 1944. 


Stanley M. Freeman has been 
elected to the board of directors, 
Witco Chemical Co, Freeman is pres- 
ident of Greentree Electronics Corp., 
a California producer of magnetic 
tapes. 


John D. Winter has become a part- 
ner, Dames & Moore, consultants in 
applied earth sciences. Winter’s ad- 
mission brings the total of partners in 
the firm to 15. He joined Dames & 
Moore in Seattle, Wash., in 1950. 


J. L. Stoik has been appointed as- 
sistant manager, Clarkson, Ont., re- 
finery, British American Oil Co., 
Ltd. He was assistant refinery man- 
ager at Moose Jaw. Other promotions 
at BA’s Clarkson plant are: H. A. 
Hornfelt, manager of pumping and 
blending; G. C. Docken, manager of 
engineering and maintenance; and 
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General Electric Company is one of the many big names in 
American industry which has adopted Taylor-Wharton Gas 
Transports as their means of transporting industrial gases. 


Low initial cost and extreme mobility! — an efficiency and 
economy that can be found in no other means of distributing 
industrial gases! 


Many other of the nation’s gas producing, oi! refining, petro- 
chemical, food and electronic companies now employ flexible, 
mobile gas transports. 


Why don’t you? Write to: 


HIV HARRISBURG STEEL CO. 


Division of HARSCO CORPORATION 
HARRISBURG 2, PENNSYLVANIA 

















STREAM 





with Cameron Ball Valves 


You can relax when “on stream” with Cameron 
Ball Valves. You are “on stream” without valve 
operating problems because rotating valve seats 
prevent wire-drawing and seat leakage, — and 
low friction Teflon assures opening and closing 
with ease. 


You are “on stream’ without interruption from 
valve trouble for Cameron Ball Valves require 
no maintenance. Simple in design, they have no 
joints to leak and no stuffing boxes to repack. 
“Sealed for life” design assures no repairs for the 
entire life of the valves so you have no problem 
of parts inventory. 
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For continuous trouble-free operation go “on 
stream” with Cameron Ball Valves. They are 
made in 150 lb to 1500 lb ASA ratings in sizes 
2” to 42” and with materials and end prepara- 
tions to suit your requirements. 





CAMERON IRON WORKS, INC, 
P. O. BOX 1212 HOUSTON, TEXAS 
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K. R. Evans, manager of operations. 
Promotions at the Edmonton, Alta., 
refinery include: R. M. Donald, man- 
ager; and J. W. Thomas, assistant 
manager. 


William J. Baral has been promoted 
to manager of commercial develop- 
ment, Union Oil Co. of California 
Research Department. Baral was su- 
pervisor of commercial development. 
He will handle licensing and exploita- 
tion of processes and products devel- 
oped by Union Oil. 


H. E. Walker has been named super- 
intendent, Shell Oil Co.’s Houston 
refinery. Walker replaces J. B. St. 
Clair who has accepted a temporary 
overseas assignment with the com- 
pany. Walker joined Shell in 1941 as 
a junior technologist, Wood River, 
Ill., refinery. 


T. Gerald Harper has been ap- 
pointed director of planning and eco- 
nomics, Refining Department, Gulf 
Oil Corp.’s headquarters in Pitts- 
burgh. Harper joined Gulf in 1952 at 
Port Arthur, Texas. 


G. B. R. Feilden has joined the board 
of directors, Davy-Ashmore, Ltd., as 
technical director. Feilden will be 
based at the firm’s London headquar- 
ters. Power-Gas Corp., Ltd., engineer- 
constructor in the hydrocarbon proc- 
essing industry, is a member of the 
Davy-Ashmore group. 


Donald H. Brewer and Ralph M. 
Knight, both vice presidents of Rexall 
Drug and Chemical Co., have been 
elected to the company’s board of di- 
rectors. Brewer, who joined Rexall in 
1959, has been in charge of all plastic 
processing operations. Knight, who 
came to Rexall in 1960, has been 
chief, Chemical Division. Both men 
headquarter at Los Angeles. 


Wilbur W. Heard, general attorney 
of Pan American Petroleum Corp., 
has been appointed general counsel 
and a director of the company. He 
succeeds Leslie A. Thompson, who 
has retired. 


Orlin L. Norder has been named 
chief chemist at SunOlin Chemical 
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“For Installation 
Simplicity and ae 


LIQUID LEVEL 
GAGE Nan : 


totems 


by. Pen ert 


Bwtutve, with Penberthy Liquid Level Gage Sets . . . the 
unique “floating shank” found in Penberthy gage valves. What 
does this feature mean to you? Look at it this way . . . if you’ve 
ever tried to install an ordinary gage set on an inaccurately 
tapped vessel, you know it’s complicated and costly, if not im- 
possible. Penberthy’s “floating shank” compensates for up to 
¥” variation from nominal center-to-center dimension . . 
saves installation time and money . . . eliminates stress of forced 
mounting . . . at no extra cost to you. 


Penberthy gage sets, in addition, offer you clearer visibility, 
positive accuracy, reduced maintenance, longer life. All this 
plus a wide range of sizes, pressures, hookups and materials to 
choose from. And every gage in the line is backed by 74 years 
of experience . . . your assurance that you can’t buy a better 
gage than a Penberthy. 


PENBERTHY MANUFACTURING COMPANY 


Division of Buffalo-Eclipse Corporation 
PROPHETSTOWN, ILLINOIS 


SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 


LOOK TO PENBERTHY FOR JET PUMPS, TOO 


WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 


For more data on advertised products, use cards, last page. 
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ACTUAL SIZE. New Series 670 Metagraph- + Manual-Automatic Control Station 
ic is ideal for graphic panel applications, 
occupying panel space only 7" wide by 7%" 
high. Fits into 6" by 6" panel cutout. Typical © * Manual-Automatic-Cascade Control 
670 Series models available, include: Station 


e 1-Pen, 2-Pen, or 3-Pen Receiver e Single-Case Cascade Control Station 


e Manual-Cascade Control Station 


For more data on advertised products, use cards, last page. 
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here’s the pneumatic receiver you asked for! 


Bristol’s new 4-inch-chart Metagraphic receiver 


is the easiest yet to install, operate, and service 


Never before has a 3-15 psi pneumatic receiver been de- 
signed with such exacting, meticulous attention to the 
needs of the graphic panel designer, the instrument user, 
and the instrument maintenance man. 


Bristol’s new Series 670 Metagraphic receiver brings you 
the plug-in versatility and operating convenience — made 
famous in previous Metagraphic pneumatic receivers—plus 
the increased legibility and accuracy of a 4-inch strip 
chart, plus these big new features: 


Simplified control switching between functions... 
allows the easiest start-up procedure for either the com- 
mon manual-automatic station or the more complex, single- 
case cascade control station models. Intermediate ‘‘seal’’ 
position has been eliminated. Just adjust process to line- 
up color-coded indicators and switch to automatic or 
cascade operation as desired. 


Uniform control switching .. . all receiver models have 
the same switch positions for the various types of control 
—cascade position, 3 o’clock; manual position, 6 o’clock 
and automatic position at 9 o’clock. 


Simplified chart change and inking... chart changing 
is a one-hand operation. A new chart can he slipped into 
place in an instant. The capillary inking system can be 
refilled from the front of the receiver. 


And the new Metagraphic receiver gives you other out- 
standing features such as rectilinear chart coordinates for 
easiest reading, easy connections for any type of control, 
either field or receiver-mounted controllers; and sparkless, 
mercury-switch disconnect of electrical circuit when chas- 
sis is removed. 


Get the complete story on the new Bristol ACCO 
Metagraphic receiver today. Write The Bristol 
Company, 111 Bristol Road, Waterbury 20, 
Conn., a Subsidiary of American Chain & 
Cable Company, Inc. 0.42 


BRISTOL 


-».for improved production through measurement and conirol 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 


Simplified control switching is keynote of new receiver's 
design. For instance: uniform switch positions on all models 
avoid operator confusion in multi-receiver installations; simple 
alignment of color-coded pointers and a single switching opera- 
tion put complex automatic or cascaded systems ‘‘on stream.”’ 


} 
| 
/ 


4 
Complete ‘“‘plug-in’”’ service continuity. Entire plug-in 
receiver chassis is instantly replaceable with spare for complete 
continuity of service. Control functions are not disturbed when 
receiver chassis is removed. 


Easiest to service .. . For instance: Easily removable chart 
drive mechanism—a one-handed operation—permits excep- 
tionally fast chart replacement; just slip out drive, replace with, 
spare, replace paper in original drive at leisure, 
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NICOR 
Protects 


@ PIPELINES AND EQUIPMENT AGAINST CORROSION 
M PRODUCTS AGAINST CONTAMINATION 


Here’s a simple and inexpensive method to protect against 
corrosion in pipelines, storage tanks and process equipment... 
and eliminate a source of product contamination. 

You can add Unicor at any point in your operation. You don't 
need to add much... only 10 to 20 parts in a million parts of 
petroleum distillates. This potent, oil-soluble additive then plates 
out a molecular film on the inner surfaces of pipelines, refinery 
vessels and tanks. . . provides lasting protection against cor- 
rosion ... and safeguards the quality of your products against 
contamination. 

This means important savings through reduced downtime 
for maintenance and cleaning... lower power costs... longer 
equipment life. Its consistent use assures full flow capacity and 

UNIVERSAL safeguards product purity. oer 
OIL PRODUCTS Our Products Department will be happy to forward detailed 
COMPANY information and samples on request. Or, if you wish, one of our 
> ebAlgenguie Rese field engineers will be happy to show you how Unicor can be 
Des Plaines, Illinois, U.S.A. best introduced in your operation for maximum effectiveness. 
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Men... 


Co.’s chemical manufacturing com- 
plex in Claymont, Del. Norder will 
handle the operation of laboratories 
and quality control testing of urea, 
ethylene oxide, hydrogen and other 
products. 


Ralph Macon has joined Hooker 
Chemical Corp.’s International Divi- 
sion as project manager, international 
development. Macon, who will head- 
quarter in New York, had been with 
Atlantic Refining Co. at Philadelphia 
since 1952. 


Marcus J. Graham has been ap- 
pointed manager of United Carbon 
Co.’s domestic car- 

bon black plant at 

Mojave, Calif. 

United’s new Mo- 

jave plant will 

soon go on stream 

with a capacity of 

more than 175,000 

pounds per day of 

oil furnace black. 

This will be the 

Graham company’s seventh 
domestic carbon black plant. Graham 
has been with United for 25 years. 


James W. Bateman, Lake Charles, 
La., has been promoted to manager, 
Continental Oil Co.’s Lake Charles 
refinery. Formerly assistant manager, 
he succeeds J. M. Jones, who has re- 
tired. Bateman joined Conoco in 1952 
at Houston as technical assistant to 
the manager, manufacturing. 


Archie D. Gray, senior vice presi- 
dent, Gulf Oil Corp., has retired. 
Gray joined Gulf’s Law Department 
in Houston as a trial attorney in 
1935. He was elected a vice president 
in 1957 and a senior vice president 
in 1958. 


H. Harold Bible, St. Louis, a vice 
president of Monsanto Chemical Co., 
has been appointed general manager, 
Hydrocarbons Division, after serving 
as general manager, Lion Oil Co. 


Oliver H. Dawson, 69, retired sen- 
ior research chemist, Humble Oil & 
Refining Co., died November 12 in 
Shreveport, La., while on a visit there. 
He retired in 1957 from Humble’s 
Research and Development Depart- 
ment in Baytown, Texas. 
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Style HP-RC —a wrapped asbestos 
c1oth packing with a resilient rubber 
core. For use on steam hammers, ex- 
pansion joints, pumps and piston rods 
calling for high pressure steam, air 


and gases at temperatures to 600 
degrees F. 


Style HP-RB—for high pressure steam 
service up to 600 degrees F. Con- 
structed with a core of accordion- 
folded asbestos cloth and a resilient 
rubber back, around which is wrapped 
a closely woven asbestos cloth jacket. 


ie | 


kings! 


Style HP-2M — excels against severe 
temperatures and pressures. A braided 
asbestos packing reinforced with a 
monel wire insertion. For use on cen- 
trifugal and reciprocating pumps, 
valve stems, expansion joints, etc. 


Style No. 30 -a very dense braided 
asbestos packing, highly resistant to 
high pressures. For use against petro- 
leum products at high temperatures 
and pressures. 


Aquapak Hydraulic Packing 
—a semi-metallic packing designed to 
withstand severe hydraulic pressures. 
Will give satisfactory service on pres- 
sures as high as 10,000 pounds. For 
use against hot and cold water on cen- 
trifugal and reciprocating pumps, out- 
side packed boiler feed pumps and sim- 
ilar equipment. 


LLPA 


“The Packing that Packs All” 





SEND FOR OUR NEW CATALOG — TODAY! 


A complete line of packing, tools, gasket materials. 
Ask for dealer information and price schedules. 


THE ALLPAX COMPANY, INC. 


160 Jefferson Ave.. Mamaroneck, N. Y. 
~ANADIAN D €rR.BUTORS: Albion Asbestos Packings Ltd., Montreal 8, Quebec 


For more data on advertised products, use cards, last page. 








MALLOY STEEL 


A.S.M.E. Approved 


SSS-100 is approved for use in the 
construction of welded pressure ves- 
sels according to the requirements 
of Section VIII of the ASME 

Boiler & Pressure Vessel Code 
(Case No. 1298—Special Ruling). 


Sheffield’s New SSS-100 Meets 


(Triple S-100) 


For more data on advertised products, use cards, last page. HypROCARBON ProcEessInc & PETROLEUM REFINER 





Growing Need For Tougher Steei 


Quenched and Tempered Alloy Constructional Steel With New Weight-Saving Strength — 
Greater Durability Under Punishing Loads— Excellent Weldability for Easier Fabrication. 


Here it is! Sheffield’s answer to the challenging need 
for steel with new qualities to meet the pressures of 
today’s construction: 


New Sheffield SSS-100 


Tensile Strength . . . 115,000 psi minimum 
Yield Strength . 100,000 psi minimum 
Elongation (in 2 inches) 18% minimum 
Reduction in Area 50% minimum 
SSS-100 may be furnished to requirements of ASTM 
A-300 at -50°F in firebox or higher quality levels. 
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SSS-100 is the steel to specify—to demand—for storage 
tanks and pressure vessels, bridges, earth movers, heavy 
construction machinery, transport equipment, tank 


trucks, TV towers, fabricated structural shapes, missile 
ground-support equipment—any application that calls 
for a versatile combination of high strength, toughness 
and excellent weldability. 


Sheffield SSS-100 is available in plates from ;*- to 2 
inches thick, in blooms and billets for forging and sub- 
sequent heat treatment. Heat-treated bars can be fur- 
nished on inquiry. Also supplied heat treated to 321 
minimum Brinell for use where resistance to impact 
abrasion is required. 

For complete information and technical service, write 


Sheffield Division, Armco Steel Corporation, Attention 
Ane; Sales, P.O. Box 3129, Houston 1, Texas. 


% 7 — 
ARMCO ‘Sheffield Division 
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New Books... 





As selected by the editors of HYDROCARBON PROCESSING & PETROLEUM REFINER 


Advances in Petroleum 

John J. McKetta, Jr., editor; Ken- 
neth A. Kobe, founder, Advances in 
Petroleum Chemistry and Refining, 
Volume 4, Interscience Publishers, 
Inc. For sale by Gulf Publishing Co., 
P.O. Box 2608, Houston 1, Texas, 585 
pages, $20. 


Petroleum Refineries 

A survey by years, companies, and 
geographical areas. C. E. Henning, 
Petroleum Refineries, Including 
Cracking Plants, in the United States, 
January 1, 1961, Information Circular 
8062, United States Department of 
the Interior, Superintendent of Docu- 
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Arcco-Anutés 
CONTINUOUS GAS 
SAMPLER 


FOR OBTAINING REPRESENT- 
ATIVE GAS SAMPLES TO 
DETERMINE CHEMICAL AND 
PHYSICAL PROPERTIES OF 
GAS. 


For obtaining more ac- 
curate gas sampling, this 
proven Arcco-Anubis in- 
strument is unexcelled. It 
replaces older, inadequate 
methods for spot sam- 


MODEL 
130-7 


pling. This sampler will over a period of seven days 
accumulate at a constant rate a sample of gas to a 
final pressure at or near 130 psig from a sample 
source, the minimum pressure of which is not less than 


150 psig. 


Models for many other pressure ranges and sampling 


periods now are available. 


Send for Bulletin 112-R2. 


AVAILABLE FOR EARLY DELIVERY 


ACCO 


INSTRUMENT COMPANY, INC. 


7144 EAST CONDOR STREET - LOS ANGELES 22, CALIF. 
MANUFACTURERS OF PRECISION INSTRUMENTS 


For more data on advertised products, use cords, last page. 


ments, U.S. Government Printing 
Office, Washington 25, D.C., 12 pages, 
15 cents. 


Engineer in Industry—’‘60s 

Concentrates on significant develop- 
ments affecting the status of engi- 
neers. The Engineer in Industry in 
the 1960’s, Engineer-in-Industry Com- 
mittee, National Society of Profes- 
sional Engineers, 2029 K St., N.W., 
Washington 6, D.C., 148 pages, $4, 
NSPE members, $2. 


Industrial Process Control 

Copes with the growing complexity 
of instruments and instrumentation. 
B. C. Delahooke and L. M. Zoss, 
Theory and Applications of Industrial 
Process Control, Delmar Publishers, 
Inc., Mountainview Ave., Albany 5, 
N.Y., 256 pages, $5.75. 


Engineering Faculties 

D. M. Himmelblau, Department of 
Chemical Engineering, The Univer- 
sity of Texas, editor, Chemical Engi- 
neering Farulties, American Institute 
of Chemical Engineers, 25 West 45th 
St., New York 36, N.Y., 83 pages, $3. 


Computers: Research Data 

Computers proposed to search re- 
search information. Tells of system 
using multi-dimensional matrix to dis- 
play all current information sources. 
Considerations and Recommendations 
for Developing a Materials Informa- 
tion Processing Capability, AD 258 
643, Office of Technical Services, U.S. 
Department of Commerce, Washing- 
ton 25, D.C., 13 pages, 50 cents. 





Free Book Catalog 


For a free copy of our book 


catalog write to: 


> BOOK DIVISION, 
GULF PUBLISHING COMPANY 
P. O. Box 2608, Houston, Texas. 


Books listed may be purchased 


from this source. 
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MONOETHANOLAMINE RECLAIMING 


Part I. 


Recisiming of monoethanolamine (MEA) 
solutions by semi-continuous batch distillation of a 
slip stream of hot lean MEA solution is accepted as 
an important part of the maintenance and care of 
MEA in gas-treating service. Most reclaimers are 
installed as an integral part of the amine-treating 
system. Occasionally a company has several small 
plants located in the same general area and will use 
portable reclaimers which can be moved from plant 
to plant as needed. 

Contamination of ethanolamine solutions can 
be minimized by good operating practices and design, 
but it is extremely difficult to eliminate completely 
the formation of heat stable salts, degradation and 
decomposition products. It is possible to remove 
the majority of these undesirable compounds from 
the MEA solution by continuous reclaiming of a 
slip stream of the circulating solution. Reclaimers 
have the additional advantage of removing finely 
divided insoluble matter, not removed during filtra- 
tion, as well as heavy oils which accumulate in the 
solution. Although fine particulate matter will be 
removed from the system via the reclaimer bottoms, 
the majority of the solids should be removed by 
filtration of the lean amine solution. 


PROCESS FLOW 


A simplified process flow diagram of a typical 
MEA reclaimer is shown in figure I. Hot lean MEA 
from the regenerator reboiler is usually used as feed 
to the reclaimer to conserve heat. The reclaimer feed 
is usually controlled by a liquid level controller on 
the reclaimer kettle. Monoethanolamine and water 
vapors are flashed overhead in the reclaimer using 
150-175 psig saturated steam as the heating medium. 

At the start of each cycle most of the overhead 
vapor will be water. As the cycle progresses, the 
amine will become more concentrated in the 
reclaimer bottoms and the amine content of the 
overhead stream will increase. The temperature of 
the liquid in the reclaimer will increase as the solu- 
tion becomes more concentrated in MEA and in 
compounds of higher boiling point than MEA. A 
maximum temperature of 290-300°F. is recom- 
mended since higher temperatures promote further 
degradation of the MEA and may result in co-distilla- 
tion of undesirable materials in the overhead vapor 
along with the MEA. 

The flashed vapors pass through a small packed 
column for removal of any entrained liquids. The 
reclaimer overhead stream, as shown in figure I, is 


HOUSTON * NEW YORK « CHICAGO «+ CLEVELAND 
CHARLOTTE « LOS ANGELES + SAN FRANCISCO 


Operating Considerations 


returned to the bottom of the regenerator column 
in most plants to recover the heat from the reclaim- 
ing operation. Condensation and return of the 
reclaimer overhead to the lean MEA stream is 
sometimes advisable when the vapor loading of the 
regenerator is critical. 

Solids, sludge, heat stable salts, decomposition 
and degradation products accumulate in the reclaimer 
bottoms until the end of the reclaimer cycle when 
they are dumped. 





SIMPLIFIED PROCESS FLOW DIAGRAM 
MEA SOLUTION RECLAIMER 
FIGURE | 


| 150-175 psig 
Sat. steam 
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RECOVERY OF MEA FROM 
HEAT STABLE SALTS 


Heat stable salts are formed when chemicals 
more acidic than H,S or CO, come into contact 
with MEA. Typical of the materials which form heat 
stable salts are the thiocyanates, thiosulfates, formic 
acid, acetic acid, napthenic acids, sulfates, chlorides, 
etc. The addition of soda ash or caustic to the 
reclaimer at the beginning of each cycle will form 
the sodium salts of the above acidic impurities thus 
freeing the combined MEA. The use of a low 
chloride content soda ash such as natural soda ash 
or the use of a rayon or mercury cell grade caustic 
should be practiced where stainless steel is used to 
prevent chloride stress corrosion cracking. 


For complete information on Jefferson glycols, 
ethanolamines, and helpful technical services . . . 
contact Jefferson Chemical Company, Inc., 1121 
Walker Avenue, P. O. Box 303, Houston 1, Texas. 


my — 4 3 -t-ye) 


CHEMICALS 


December 1961, Vol. 40, No. 12 


For more data on advertised products, use cards, last page. 





DISCOVERY ABOUT COMPOSITION 


New scientific 


OCONY MOBIL scientists have made a basic dis- 
S covery about the composition of petroleum 
which also helps solve the mystery of its origin. 

For the first time, two specific portions of the 
chlorophyll molecule have been conclusively iden- 
tified in petroleum. These substances— pristane 
and phytane—had eluded petroleum researchers 
for a century. Most scientists doubted that they 
existed in oil even as mere traces. Socony Mobil 
scientists have succeeded not only in identifying 
these chlorophyll derivatives, but also in isolating 
them in pure form. 

It all began in 1957, when Joe Bendoraitis and 
Belva Brown were checking some mass spectrum 
studies of petroleum in a Socony Mobil labora- 
tory. They noticed that the sawtoothed line on the 


Research technologist Belva Brown analyzing “mass spec” 
charts. A University of Texas mathematics graduate, Mrs. Brown 
worked with the Signal Corps before joining Socony Mobil in 
1946. Her leisure activities: oil painting and photography. 
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graph had some peaks that stood out like Mount 
Everests in the otherwise orderly pattern. 

It seemed almost futile to the two scientists to 
try to determine precisely what substance caused 
the peaks, since petroleum contains perhaps 
hundreds of thousands of different components. 
Nevertheless they set out to try. 

In late 1959 Len Hepner joined them. He was 
one of the first scientists to use a new instrument, 
the gas chromatograph, to study the higher boil- 
ing ranges of petroleum. With it he could perform 
in hours work that would have taken months with 
former methods. He isolated from a sample of 
petroleum a single drop of the substance that was 
causing the high peaks. 

The three scientists were now beginning to 


Len Hepner, senior research chemist, graduated from the Uni- 
versity of Pittsburgh in 1946. His work with the gas chroma- 
tograph isolated pristane and phytane from petroleum—and 
led him to neglect his hobbies of bridge, bowling and tennis. 
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OF PETROLEUM 


knowledge also sheds light on its origin 


approach an answer. 

Mrs. Brown, with 10 years of “mass spec” ex- 
perience, kept searching her files of charts for a 
clue as to what substance showed peaks like that. 
Finally, she found one with a similar pattern. 

This substance was a derivative from shark- 
liver oil—which contains some pristane. But the 
biggest source of pristane is chlorophyll, the 
abundant green constitutent of plants and algae. 

What about the peaks Mr. Bendoraitis and 
Mrs. Brown had detected in the mass spec chart 
from petroleum? Did they indicate the presence 
of pristane? 

The three Mobil scientists were positive they 
did. Their discovery so startled them that they 
almost doubted it themselves. But they set about 


Senior research chemist Joe Bendoraitis uses nuclear magnetic 
resonance spectrometer in verifying discovery of chlorophyll 
derivatives in petroleum. A ham radio operator, photographer, 
bowler, and stamp collector, he is earning his Ph.D. at night. 
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proving their findings, step by step. Identifying 
and isolating pristane had taken four years, since 
the research had to be sandwiched into their regu- 
lar assignments. Proving they had found it was 
to take another year. 

They now called on new and powerful analy- 
tical tools, some of which Socony Mobil was the 
first oil company to use. They applied nuclear 
magnetic resonance spectrometry, infrared spec- 
trometry, and hi-mass spectrometry—in unique 
fashion in many instances. In the process, they 
discovered a second chlorophyll derivative—phy- 
tane—and identified and isolated it. 

All the tests confirmed their findings. Pristane 
and phytane are present in perceptible quantities 
in petroleum. They can be isolated. And the exist- 
ence of these two chlorophyll derivatives in petro- 
leum supports the theory that oil was formed 
through the conversion of material derived from 
plant and animal life. 

This discovery is so important to fundamental 
petroleum research that a paper describing it has 
been recommended by the U.S. Committee for in- 
clusion at the Sixth World Petroleum Congress to 
be held in Germany in 1963 

Joe Bendoraitis, Belva Brown, and Len Hepner 
are among the 1,500 men and women engaged in 
Socony Mobil’s $25,000,000-a-year research pro- 
gram —in which imagination is turned into ideas, 
and ideas into better products and processes. 

Probing the far frontiers of science pays off not 
only for Mobil, but for everyone who does busi- 
ness with Mobil—customers, employees, licensees, 
and investors. 


SOCONY MOBIL OIL COMPANY, INC., 150 E. 42ND ST., NEW YORK 17, N. Y. 
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1. Dependable Protection. Kontot* Corrosion Inhibi- 
tors form a protective film on the metals used in the petro- 
leum industry and safeguard them from attack by brine, 
organic and inorganic acids. 


2. High-Temperature Stability. The protective Kontou 
film is maintained at temperatures up to 500°F., and Kontron 
itself is stable at temperatures of 800° and higher. 

3. Detergent Action, Konto. Corrosion Inhibitor not 
only protects against corrosive attack but also promotes 
the high efficiency derived from the operation of clean, 
non-fouled equipment. 

4. Product Compatibility. So little Konrot is present 
that no change in product specifications such as distillation 
end-point, anti-knock rating, ash, gum formation, etc., can 
be detected. 

S. Two-Fold Economy. Compared with the cost of using 
special alloys to combat corrosion, or the cost of replacing 
non-alloy metals, the cost of Konrot is negligible. When 


this advantage is augmented by those gained from a cleaner, 
* Petrolite Corporation Trademark 


PETROLITE 


BUmMrOnRA TION 


TRETOLITE COMPANY 


iSIOns 
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another 


TRETOLITE SERVICE 


report : 


more efficient operation, the substantial savings from a 
Konrou protection program quickly become apparent. 


G. Complete Safety. Konrot Corrosion Inhibitor is 
convenient to handle and easy to use. No special safety 
precautions are nv«*ssary. 

7» Flexibility in Formulation, In order to meet various 
well conditions Konto is available in a wide range of 
inhibitor formulas. Some are oil-soluble. Some are water- 
dispersible as well as oil-soluble. Others are water-soluble 
and oil-insoluble. 


A CORROSION RATE SURVEY SERVICE is available 
to refiners and gasoline plant operators. The Tretolite 
Company supplies bottles and mailing tubes for submitting 
water samples for analysis. After analysis, recommendations 
are made. Tretolite also supplies weighed test coupons 
which are reweighed after exposure. Corrosion losses 
are evaluated and recommendations offered. There is no 


charge or obligation for these services. KR-61-8 


SUBSIDIARY AND AFFILIATED COMPANIES 


CANADA, Edmonton, Alberta « ENGLAND, London 
GERMANY, Frankfurt, a. M. e VENEZUELA, Caracas 


REPRESENTATIVES 
ARGENTINA, Buenos Aires « BRAZIL, Rio de Janeiro « COLOMBIA, Bogota 
ITALY, Rome ¢ JAPAN, Tokyo « KUWAIT, Kuwait « MEXICO, Mexico, D. F. 


NETHERLANDS, The Hague e TRINIDAD, Port of Spain 
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Suppliers Notes... 





FOXBORO CO. has named Earle W. Pitt 
western field sales manager. Earl M. 


Kelly 

Kelly has been ap- 
pointed regional 
manager, Cleveland 
territory. Steve V. 
Kerstner has become 
branch manager, Los 
Angeles office, re- 
placing Pitt. Pitt 
joined Foxboro as a 
sales engineer at the 
Dallas office in 1948. 
Kelly, formerly as- 
sistant regional man- 
ager, Cleveland area, 
came to the company in 1953. Kerstner 
has been with the firm for the past six 
years. 


Kerstner 


DYNEL, INC., has named H. Dickinson 
general manager. Dickinson became vice 
president of engineering in 1959 and a 
member of the board of directors in 1960. 
He will continue as vice president of 
Varec, Inc., Dynel’s parent company. 


HODAG CHEMICAL CORP. has named 
James Kuse director of market develop- 
ment. Kuse will handle investigation of 
new markets for Hodag products, and 
will aid the Sales Department in market- 
ing new products. He was with Union 
Carbide Corp. as technical sales repre- 
sentative, Silicones Division. 


BABCOCK & WILCOX CO. has elected W. 
H. Rowand vice president in charge of 


Rowand Kessler 


the Boiler Division. Succeeding Rowand 
as head of the Engineering Department is 
G. W. Kessler, chief engineer since 1955. 
Rowand joined B & W in 1929 and 
Kessler in 1930. 
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GROVE VALVE AND REGULATOR CO. has 
appointed Clint A. Redd product man- 
ager, valves. Redd will supervise sales 
of valves to the hydrocarbon processiug 
industry throughout the United States. 
Before joining Grove, he was with WKM 
Division, ACF Industries in Houston. 


GIRDLER CATALYSTS has appointed 
Richard C. Fritz to head its technical 
sales and service office in Houston. Fritz 
will handle sales of specialty catalysts 
in Texas, Oklahoma, Louisiana, Arkan- 
sas, Mississippi, Alabama and Florida. 
He replaces Robert D. Evans, who has 
been transferred to Girdler’s sales engi- 
neering staff in Louisville, Ky. 


HENRY PRATT CO. has named Raymond 
Kucharchuk manufacturing engineer. 
Kucharchuk was previously with Ford 
Motor Co. as plant industrial manager, 
Automotive Industrial Division. 


CHICAGO BRIDGE & IRON CO. has made 
R. W. Warren sales manager for Ger- 
many, Holland and Italy. Warren, for- 
merly of CB&I’s Foreign Sales Depart- 
ment in New York, initially will be 
located in The Hague, Holland, and later 
will set up his office in Germany. Warren 
joined CB&I in 1949. 


MANNING, MAXWELL & MOORE, INC., has 
named F. James Murphy general sales 
manager, Gauge & Instrument Division. 
Murphy, who succeeds A. W. Coleman, 
joined the company as a sales engineer 


in Pittsburgh in 1949. 


ALAN WOOD STEEL CO. has elected 
Robert A. Lubker vice president of re- 
search and development. Lubker joined 
Alan Wood Steel in 1958 after working 
with Armour Research Foundation for 
four years. 


OWATONNA TOOL CO. has appointed 
Otto L. Hughes, Jr., district manager 
for Louisiana and Northeastern Texas. 
He will be in the Tools & Equipment 
Division. 


SCIENTIFIC AND PROCESS INSTRUMENTS 
DIVISION, Beckman Instruments, Inc., 
has named James E. Tebay eastern re- 
gional sales manager, process instruments. 
R. Pat Connor has been made western 
regional sales manager for the firm. Te- 
bay will headquarter at Mountainside, 
N. J., and Connor will be based at Beck- 
man’s headquarters in Fullerton, Calif. 


JOHN WOOD CO. has made Mitchell S. 
Godsman service manager of its Bennett 
Pump Division. Before joining Bennett 
Pump, Godsman was assistant construc- 


tion and maintenance superintendent, 
Standard Oil Co. (Indiana). 


HILLS-McCANNA CO. has appointed Wil- 
liam A. Zellars southwest regional sales 
manager. Zellars will headquarter in 
Hills-McCanna’s Houston office. 


WOLVERINE TUBE CO., division of Calu- 
met & Hecla, Inc., has made three 


Campbell Cash 


POPES p28, 
wm = changes in its mar- 
keting organization. 
E. J. Campbell, sales 
manager of the De- 
troit district, has be- 
come manager of the 
Chicago district. He 
joined the company 
in 1943. R. C. Cash, 
manager, Chicago 
district, has been ap- 
pointed to market re- 
search manager, Re- 
search & Develop- 
ment Division. Cash joined Wolverine 
in 1951. R. C. Crowe, manager, Cleve- 
land district, has been assigned to the 
Detroit and Cleveland districts as man- 
ager. Crowe came to the firm in 1950. 


Crowe 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
has appointed two branch industrial sales 
managers and an account executive in 
California. Donald B. Sharman has be- 
come branch manager, San Francisco, 
and Jack Phillips has been made sales 
manager, San Diego. William N. Wal- 
lace is the account executive with offices 
in Santa Clara. 


LEECE-NEVILLE CO., Cleveland, Ohio, has 
named Robert G, Hill vice president of 
sales. Hill, who has been with the com- 
pany since 1941, was general sales man- 
ager. 


TAYLOR INSTRUMENT CO. has promoted 
Phillip F. Gilman to manager, Export 
Division of Industrial Sales. William J. 


Gilman 


Berk has been placed in charge of the 
company’s Petrochemical Division. Gil- 
man joined the firm in 1946 and Berk 
came to Taylor in 1950. 
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FLUIDI 


Progress report: 


NUCERITE 


Now, there is a practical way to cope 
with a broad range of corrosives in the 
500 to 1500°F temperature range. 

It’s Pfaudler® Nucerite,* a recently 
developed family of ceramic-metal com- 
posites that resist corrosion at these 
high temperatures 

Various formulations of Nucerite 

have undergone field testing on a wide 
scale since this group of materials was 
introduced last year. Results indicate 
many practical applications for Nucerite 
in the 500 to 1500°F range. Very few 
materials available up till now would 
withstand these temperatures, and even 
then only under extremely limited con- 
ditions. 
Limited production. Where field tests or 
lab data substantiate the serviceability 
of Nucerite in a given application, 
Pfaudler now accepts orders for produc- 
tion equipment of simple shape, rounded 
corners, and uniform cross section. 
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Pfaudler factory inspector electric-tests Nucerite bayonet heater (65%”" 


dia. by 68” 


long) designed for experimental use in high-temperature sulphuric acid environment. 


tests. You can get some 


1. Metal halides at 1292°F (a spe- 
cialty alloy failed in this service in 
2 to 3 weeks). 

2. Cl: and CCl mixture at 600°F (a 
quarter-inch stainless steel piece cor- 
rodes through in a matter of minutes). 


Refractory metal chlorides at 485°F. 


4. Coal tar pitch at 750°F (solid ce- 
ramic materials previously used 
failed here due to thermal shock). 


Aqua regia plus heavy abrasive at 
225°F (tantalum is the only metal 
which could withstand this condi- 
tion). 


HCl plus solids 


(100 f.p.s.) at 
1112°F. 


HypDROCARBON 


moves into limited production 


Successful 
idea of the range of applications for 
Nucerite from this representative list 
of successful field tests: 


Nucerite equipment. Among the equip- 
ment for which orders have already 
been received, are the following: 6”-di- 
ameter pipe, 244”-diameter boiler tube, 
654”-diameter bayonet heater (shown 
above), 12”- and 18”-diameter columns, 
finger baffles, and a 300-gallon “RA” 
series closed-top reactor. 


Other characteristics. Nucerite offers 
the greatest potential in coping with 
corrosion at high temperatures. How- 
ever, resistance to impact, abrasion, and 
rapid temperature change is also of 
importance for specific applications. 


Data available may indicate which for- 
mulation of Nucerite can best solve 
your particular problem. If not, we in- 
vite your participation in a field evalua- 
tion program. 
For more information, write to the 
address shown on the facing page. 
*Patent applied for 


Processinc & PETROLEUM REFINER 





Is this tank 
BIG enough? 


Since “big” is a relative term, let’s get 
down to specifics. The reactor pictured 
here stands 26’ 3” to top of drive, meas- 
ures 120” I.D. by 98” straight-side for 
a capacity of 6000 gallons. It is made of 
Pfaudler® Glasteel—glass inside for cor- 
rosion resistance, steel outside for work- 
ing strength. 

The agitator drive is also Pfaudler- 
made. It’s our basic TW type, rated 
here at 75 HP. Actually, this drive can 
handle up to 200 HP. 

As vessels go, this one is medium- 
sized. For example, 35,000-gallon 
Glasteel storage tanks are a common 
sight on our production lines. Reaction 
vessels usually run a little smaller. Like 
the 17,000-gallon one we _ recently 
shipped to a PVC plant. 

Which brings us to another aspect 
of Glasteel—its eminent suitability for 
polymer production. For many reasons. 
First, Clasteel gives you a_product- 
contact surface that is inert. It will not 
contaminate or discolor materials you 
use in making synthetic resins. Nor will 
it act as a catalyst to set off undesired 
side reactions. 

And Glasteel is smooth. Even sticky 
substances do not adhere readily to its 
fire-polished surface. What little does 
is easily washed away. Thus, you can 
expect high production rates with min- 
imum down time. 

Finally, Glasteel is economical, not 


only in terms of long life but also from 
the standpoint of initial cost. It is sig- 
nificantly less costly than the specialty 
alloys you would consider where prod- 
uct purity is vital. 

Offer: When it comes to meeting 
your needs for really big process equip- 
ment, we have the skills, experience 
and facilities. Recent factory expansion 
makes the big ones a challenge we wel- 
come. Inquiries invited. Write to the 
address indicated. 





Special gasket assures 
precise alignment for 
F-C Glasteel pipe* 


This is the high-integrity glass-lined 
pipe that you can cut, thread, fire- 
polish and install right in the field. And 
to make sure that gaskets seat properly 
when you join sections, we've taken 
special precautions to assure precise 
alignment of the pipe axes. 

Here’s how: Flange bolt holes have 
been made only 6” oversize, rather 
than the conventional 4%” oversize. In 
addition, the bolt holes in the gasket 
itself have also been made undersize. 
The gasket is thereby centered with the 
axial center line of the pipe and limits 
non-parallelism of the flanges. 

Both the pipe and the gasket joints 
have been extensively tested — in the 
field and in our Test Center. For ex- 
ample, intermittent tests over a seven- 
month period were made with the fol- 
lowing acids: 10% sulphuric, 10% nitric, 
and 20% hydrochloric. Pressures ranged 
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from 50 to 125 psi, with temperatures 
from 160 to 300° F. There were no fail- 
ures of either the glass lining or the 
gaskets. Similar results have been re- 
ported for actual installations, including 
one of 850 feet, in operation since early 
summer a year ago. 

You'll find F-C pipe well suited to 
handling many “problem” liquids—cor- 
rosive, abrasive, and ultra-pure. It 
comes in 114-, 2- and 3-inch diameters, 
with quick delivery on any length up to 
10 feet. Write for Bulletin 987. 

*Patent applied for 


PFAUDLER PERMUTIT 


Specialists in FLUIDICS...the science of fluid processes 


How tantalum helped 
Hoffmann-LaRoche 
scale up production 


Here’s the problem: You're making a 
relatively new drug, using a process that 
requires holding a mixture of phos- 
phoric and hydrochloric acids at 385° F 
for several days. 

You've been turning it out on a pilot- 
plant basis, using flasks. Market condi- 
tions require that you get into full- 
scale production. How? 

The nature of the corrosive reaction 
narrows your choice to three materials: 
tantalum, gold, and platinum. 

That’s the situation Hoffmann- 
LaRoche Inc., Nutley, New Jersey, was 
up against recently. The practical an- 
swer: a 275-gallon, tantalum-lined re- 
actor made by Pfaudler. 


‘mo H..- 

We say practical because tantalum is 
essentially inert and does not combine 
with the process ingredients to cause 
contamination. Practical tan- 
talum resists most acids, even at ele- 
vated temperatures. Practical because 
a .020” tantalum liner in a %6” carbon 
steel shell is reasonably priced. 

And, finally, practical because Pfaud- 
ler brings to the fabrication of such 
equipment a wealth of experience and 
capability. We can and do work with 
tantalum, titanium and zirconium, so 
that you can look to these metals to 
solve your corrosion problems. 

More facts? Bulletin 978 summarizes 
our activities in the “refractory” metals. 
We'd be happy to send you a copy. 


because 


Address all inquiries to our Pfaudler Divi- 
sion, Dept. PR-121, Rochester 3, N. Y. In 
Canada, contact Pfaudler Permutit Can- 
ada Ltd., Toronto. 





*FLUIDICS is the Pfaudler Permutit 
program that integrates knowledge, 
equipment and experience in solving 
problems involving fluids. 
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Positive Shut-off at 
High Temperatures 


WEDGEPLUGS 


give positive control 


without lubricants 
Wedgeplugs are proven performers on coking 
and catalyst lines: 










No lubricants required for absolute control. 
Plug lifts, turns and reseats in one quick, easy 
operation. 


Non sticking. Self-adjusting operator com- 
pensates for variable temperature. Will not 
stick on coking services. 


Protected seats prevent valve-killing erosion 
of dry and fluid catalysts—a constant problem 
and expense when gate valves are used. 
With Wedgeplugs, you eliminate this extra 
maintenance cost. 


Wedgeplugs are proven performers on such 
services as hydrocarbon vapors at 900°F and 
600 psi; fluid catalysts at 1125°F and 225 psi; 
and hydrogen at 900°F and 300 psi. Wedge- 
plug valves can be supplied in alloy steels 
as service demands 


Non-lubricated plug valves » Cast iron, malleable 
and ductile iron pipe fittings » Bronze, cast iron, 
ductile iron, cast and forged steel valves 


IT PAYS TO BUY QUALITY 


For complete information, call your 
Stockham Distributor or write 





“i 





t 


WEDGEPLUG VALVE COMPANY 


DIVISION OF 


STOCKHAM 


VALVES “4 FITTINGS 


SOLD ONLY THROUGH DISTRIBUTORS 
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CROUSE-HINDS CO. has named Arthur F. 
Uhrlandt director, marketing. F. William 


Oberle 
Oberle, divisional 
manager for the 
firm’s Northeast Di- 
vision in New York 
City, succeeds Uhr- 
landt as director of 
sales. Gordon V. Mil- 
ler, formerly divi- 
sional manager, At- 
lantic Division, 
Philadelphia, has 
been transferred to 
New York City with 
the Northeast Divi- 
sion. Before joining Crouse-Hinds, Uhr- 
landt was with Westinghouse Electric 
Mfg. Co., Westinghouse Electric Supply 
Co. and Niagara Mohawk Power Corp 


Miller 


THOMPSON RAMO WOOLDRIDGE, INC., 
has named James A. Brosovic district 
sales manager, TRW Computers Co. 
Formerly an applications engineer for 
TRW, Brosovic will be located at the 
company’s central region headquarters, 
Chicago. 


GUARDIAN LIGHT CO., Oak Park, IIl., has 
appointed James T. Monroe Chicago 
marketing manager. Before coming to 
Guardian Light, producer of outdoor 
lighting equipment and accessories, Mon- 
roe was with Revere Electric Manu- 
facturing Co. as a sales representative. 


E. I. DU PONT DE NEMOURS & CO., has 
named Robert A. Kellar marketing man- 
ager for pipe made from Du Pont’s 


Cut purging and blanketing costs 


Completely—portable — no utility connections 
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acetal resin. Kellar replaces Dr. Milton 
J. Roedel, who will handle applications 
of Du Pont products in the building in- 
dustry. Kellar, previously marketing 
manager for fluorocarbon resins, Poly- 
chemicals Department, joined Du Pont 
in 1940. 


UNIFORM TUBES, INC., has appointed 
Richard L. Snyder industrial engineer 
for making small precision tubing. Sny- 
der was previously production manager, 
Lansdale Division, Philco Corp. 


COOPER-BESSEMER CORP. has promoted 
John S. Tonetti to assistant manager, 
gas turbine sales. Tonetti, who joined 
Cooper-Bessemer in 1957, was. design 
engineer for gas turbines in the Develop- 
ment Division, Engineering Department. 


AMERICAN MEASUREMENT AND CONTROL, 
INC., subsidiary of CompuDyne Corp., 
has appointed Dr. Frederick D. Ezekiel 
general manager. He was formerly di- 
rector of research for AM&C. Dr. Ezek- 
iel succeeds Donald G. O’Brien who will 
be a consultant and a director for Com- 
puDyne. 


SOLAR AIRCRAFT CO. has named M. 
Stuart Loop sales engineer, Atlanta, Ga., 
office. Loop will handle sales for Solar’s 
gas turbines and related turbomachinery 
in the southeast section of the United 
States. Before joining Solar, Loop was 
sales engineer for Joy Manufacturing Co. 


FISCHER & PORTER CO. has elected 
Lawrence R. Greenhaus vice president, 
marketing, and a director. Greenhaus 
joined Fischer & Porter in 1960 as gen- 
eral sales manager. He was previously 
sales manager, Luria Engineering Co., 
and on the technical staff of Humble 


Oil & Refining Co. 


PARKER-HANNIFIN CORP. has promoted 
Howard L. Sullivan from distributor 
sales supervisor to assistant sales man- 
ager, Parker Fittings & Hose Division. 
Sullivan joined Parker in 1955. 


ELECTRO RUST-PROOFING CORP., subsidi- 
ary of Wallace & Tiernan, Inc., has 
named Harry Neugold, Jr., general man- 
ager. Neugold, chief engineer and assist- 
ant general manager since early 1960, 
joined Electro Rust-Proofing in 1952. 


explosive elements from pipelines, 


JEFFERSON CHEMICAL CO., INC., has ap- 
pointed Ben C. Hayton assistant sales 
manager. K. L. VanderVoort has been 


Hayton VanderVoort 


promoted from New York district man- 
ager to eastern regional manager. Both 
men will headquarter in New York. 


TRETOLITE CO., division of Petrolite Corp., 
has promoted Michael A. Luby from as- 
sistant to the sales manager to assistant 
to the Central Division manager. Luby 
is located at Shreveport, La., and covers 
the Arkansas-North Louisiana-Mississippi 
territory. 


GENERAL MILLS has elected E. W. Rawl- 
ings, executive vice president since April 
1960, president. C. H. Bell, who has been 
president since June 1952, has been 
named chairman of the board succeeding 
Gerald S. Kennedy. Kennedy will be 
chairman of the executive committee of 
the board. 


MALONEY-CRAWFORD TANK AND MANU- 
FACTURING CO. has assigned Harold 
Wood, formerly with Bechtel Corp., to 
its process design and engineering staff. 
Besides working for Bechtel, Wood was 
also with American Oil Co. at Whiting, 
Ind., and DX Sunray Oil Co. at Tulsa, 
Okla. 


HEAD WRIGHTSON & CO., LTD., has ap- 
pointed R. B. W. Bolland London man- 
ager. Bolland was formerly general man- 
ager of Head Wrightson Stockton, Ltd. 


HYDRO-SERVICES, INC., has been formed 
in Houston to specialize in high-pressure 
water blast cleaning in the Gulf Coast 
area. In addition to furnishing cleaning 
service on a per job or extended basis, 
the firm will lease or sell portable or 


| Non-X" produced on the spot! 


Reduce downtime by as much as 75% 
Generators supplied by Inert-Gas Inc. provide the fast- 
est, most economical method of purging oxygen and 


storage tanks, 


towers, vessels, barges or ships. They give low-cost 
blanketing in tanks, vessels, barges and ships. They 
eliminate the need for permanent installations of 
expensive machinery. 

Write or phone for more information. Ask about 
our thrifty lease and rental plan in the Gulf Coast area! 


*Inert gas produced by generating methods (on which pat- 
ents are pending) of Inert Gas, Inc. 


INERT GAS ING. irctston 


5405 Clinton Drive at Lockwood 
OR 5-0931 
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THESE ARE PAGES 6 & 7 OF THE 
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1j to be Completely Seal - Welded 


Ai Space Between Tubes and Skin Cosing to be 4 y 
Filled wath Plastic Refractory Cement Aitemate Welds 
a Lrrongement ond Dimensions of Furnace and at Top-and Bottom 


Boiler the General Arrangement Drawings will of Chonnel Cc asin £ De S j en 
ower. This Drawing Shows Typical Construction 


Pm. 7— Details of construction for pressutized f 
CE Boilers designed for waste regenerator 


For the whole fact-filled catalog, write... 
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20-PAGE C-E CO BOILER CATALOG 





c-E Design for CO Boilers a 





bustion Engineering CO Boilers are of a@ 
Sell design. yet conventional in appearance, 
cage the time-tested C-E Tangential Burner in 
an four corners of the furnace. They require no 
the  enihet complicated means to burn the lean, 
ee casie gas from a catalyst regenerator. Util, ox 
goist of furnace volume is so efficient that gaff. Seal tanks j 
a . ever 40. 000 Btu news mf higher tanks Provid 
ose practical " 
neration The gbsen : 
wo minimum air pressure loss and fan horse- 
su quirements. 
The oo@ 7 elded to tc t ] <a 
saner (skin) casing - an wee is 
ini ned for cubical expansion of pressure parts, 
With the skin casing in intimate contact with the 


its temperature at any point is the same as 


? . ~~ 

vo expands cubically, there is no relative expa 
wees between the tubes and the skin casing. For 
wie yeason the skin casing can be complete! 
s construction is carried over to the 


Te 





this T 
we ded. Thi 
> finned. The conventional rectangular furnace 
s the preferred arrangement of boiler and 
superheater with uniform heating surface and gas- 
passage area per foot of furnace width. It also pro- 
elatively quiet burner positions, asguxi 


allow: 


pe penile an efficient system of platforms and 
, for observation and access. Heating 
surfaces are —— to Sera maximum 
mount of heat with a minimum of baffling. . 
gas velocities through the boiler are high bw 
to prevent excessive settling out of catalyst, yet 
sufficiently low to avoid excessive erosion. 


At a specified steam output, the circulation condi- 
tions in a CO boiler, when firing regenerator waste 
gas and auxiliary fuel, are entirely different than 
when firing auxiliary fuel alone. For this reason, 
the circulating system of C-E Boilers using these 
fuels is designed to handle the flows of water and 
steam for both these extreme conditions. Further. 
more. the drum internals are designed to maintain 
the specified purity regardless of the fuel fired 


Either a C-E continuous finned tube economizer o: 
a vertical tube, drum-type economiger is located 
after the boiler section. The finned economizer is 
gormally selected when substantial quantities o: 
supplementary fuel will be fired and higher effi 


Fic CE Boiler for waste regenerator gas firing 
in an oul refinery on the West Coast. The sectiona! 
side arrangement of this boiler appears on page & 


ES BEd cst yp 


COMBUSTION KY ENGINEERIN 
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uality 
Wean not 


On a catwalk or at a drafting table, Koch design 
engineers are equally at home in the technical pro- 
ficiencies of their chosen fields. 


Their highly consummate skills are directly reflected 
in the continued quality the industry has come to 
expect— and respect—in Koch products... 
products often imitated but never equalled! 


The low-cost Koch Flexitray is one of these. It is — 
without question — the most economical fractionat- 


ing device yet developed for distillation, absorption, 
and stripping. 


For your next tower installation, specify the Koch 
Flexitray. The quality can not be imitated! 


mitated 


Coleds 


ENGINEERING CO., INC 


See our catalog in “Refinery Catalog” — or contact 
your nearest Koch Representative 


Baton Rouge, Louisiana — Alpha Engineering Co., 6642 St. Ann Avenue 
Butte, Montana — G. M. Wallace & Co., P. 0. Box 208 

Charleston 1, W. Va. — D. D. Foster Co., 1108 Nelson Bidg. 

Denver, Colorado — G. M. Wallace & Co., 324 Denham Bidg 

Ei Paso, Texas — G. M. Wallace & Co., Suite 511, Electric Bidg 
Houston, Texas — Alpha Engineering Co., P. 0. Box 12371 

Kansas City 13, Mo. — Sample Brothers, P. 0. Box 7061 

New York 17, N. Y.—F. J. McConnell Co., 60 East 42nd St. 

Oakland, California — Engineered Process Equip. Co., 600 16th St 

Park Ridge, Illinois — M. B. Fisher, 1521 Courtland Ave. 

Pasadena, California — Engineered Process Equip. Co., 774€. Green St 
Pittsburgh 19, Pa. — D. D. Foster Co., 2210 Koppers Bidg 

Sait Lake City, Utah — G. M. Wallace & Co., Continental Bank Bidg 

St. Louis 17, Missouri — Sample Brothers, 2010 Big Bend Bivd 

Tulsa 12, Oklahoma — Myers-Aubrey Co., P. 0. Box 5436 

Scarborough, Ontario, Canada — Muirhead Fromson Ltd., 65 Hymus Road 
Fribourg, Switzerland — Koch Flexitrays, S.A, 20 rue St. Pierre 


European Fabrication Available! 
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truck-mounted equipment. G. W. Kisler 
is company president. 


BADGER MANUFACTURING CO. has ap- 

pointed Alfred N. Holmberg sales en- 

gineer at its office in 

New York. Holm- 

berg, a graduate of 

the University of 

Iowa, is joining Bad- 

ger after eight years 

in engineering and 

construction sales 

work in Canada. He 

has also been a sales 

representative for 

chemical products 

and chemical con- 

Holmberg struction for Phillips 

Petroleum, which he joined in 1946. 

Badger’s home office is located in 
Cambridge, Mass. 


AIRCO CO. INTERNATIONAL has elected 
A. M. Andrews, Jr., president. Andrews 
will handle sales in more than 65 foreign 
countries for Airco International, which 
is a division of Air Reduction Co., Inc. 
Andrews has been with Airco since 1944. 


HENRY PRATT CO. has appointed W. J. 
Woolley vice president and general man- 
ager, Plate Division. The division makes 
speciality steel fabrications, blast valves, 
air locks, etc. 


OAKITE PRODUCTS, INC., has made Don 
F. Moulton technical service representa- 
tive in Vermont. Oakite manufactures 
industrial cleaning and metal treating 
compounds, 


THE PERMUTIT CO., a division of Pfaudler 
Permutit, Inc., will move in February 
1962 from its present headquarters at 50 
West 44th St., New York City, to of- 
fices in Paramus, N. J. 


KAISER STEEL CORP. has appointed A. L. 
Collins assistant manager of engineering 
sales. Collins, who joined Kaiser in 1953, 
was chief development engineer with tke 
Fabricating Division, Montebello, Calif. 


KLINE MANUFACTURING CO., Galena, 
Ohio, has named LeRoy J. Stoutenburg 
sales manager. Stoutenburg was previ- 
ously sales manager, Hydraulics Division, 
American Engineering Co., Philadelphia. 


PARKERSBURG PROCESS EQUIPMENT DIVI- 
SION, Parkersburg Rig & Reel Co., has 
appointed Bill Rister sales manager. 
Rister, with Parkersburg’s Sales Depart- 
ment for over five years, will headquarter 
in Houston. 


RAYTHEON CO. has made Joseph C. Mor- 
reale an area marketing manager, Elec- 
tronic Services Division. He will head- 
quarter at Hawthorne, Calif. 
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BATTLES 
2000- 
2200F 


and Wins! 


This is one of several bends cast of Duraloy 
HOM and now in service in high temperature 
radiant tube applications. 


HOM is a special alloy developed by Duraloy 
Metallurgists for operation in the 2100°-2200°F 
range, with limited application up to 2300°F. 
HOM can be cast static, centrifugal or shell- 
molded. The resulting casting is of exceptional 
uniformity, density and strength. 


We are in a position to make single castings of 
HOM up to about 10 tons or multiple smaller 
castings for assembly into any size or shape that 
can be handled by carriers. Much of our work 
has been along the lines of assembled units. 


HOM is only a few years old but Duraloy’s High 
Alloy Casting experience is 40 years old...and 
that’s a lot of experience! Why not rely upon it 
for your casting requirements—static, centrif- 
ugal or shell-molded. 


URALOY 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y. 
CHICAGO OFFICE: 332 South Michigan Ave., Chicago, III. 
DETROIT OFFICE: 1025 Maple Road, Troy, Michigan 
HOUSTON OFFICE: 4101 San Jacinto, Houston 4, Texas 
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New Equipment & Literature... 





as selected by Frank L. Evans, Jr., Mechanical Engineering Editor 


Chromatographic Analyzer 


Checks Six Stream Components 


Featuring trend readout display for 
compatibility with automatic control, 
a new chromatographic analyzer pro- 
vides measurements of up to six com- 
ponents on which to base control of 
process stream composition. Continu- 
Ous measurement trends are moni- 
tored by two pneumatic recorders, 
each logging the concentration of 
three components, 

Sharp peak definition is achieved 
largely through a unique sampling 
valve which delivers a uniform slug 
of sample gas to the column for 
each analysis. A special annular slide 
is spring loaded to prevent carrier 
gas from leaking into the sample, 
keeping time lag and dead space to a 
minimum. 

Columns are U-shaped, rather than 
coiled, wich 30 U-tubes divided into 
two crescents of 15 tubes each. Easy 
to pack, clean and repack, the tubes 


can be field connected to produce any 
column arrangement up to 40 feet. 

All timing functions are initiated 
by a metal belt in the programer. 
Driven by a synchronous motor, the 
belt has actuators clipped to each 
side that not only operate the sam- 
pling valve, automatic zero and col- 
umn switches, but also select the 
correct recorder pen. 

The programer and trend record- 
ers are housed in pull-out chassis 
and mounted in a console or existing 
panel remote from the analyzer. 
Available at the programer are 
switches for injecting standard sam- 
ples and running chromatograms; 
also individual component attenu- 
ators. 

Complete information will be sent 
on request. The Foxboro Co. 


Circle El green card, last page 


Remote Level Monitoring 


With Inexpensive Detector 


A new liquid level detector now 
makes it possible to indicate and 
monitor level, temperature and pres- 
sure on the same monitoring instru- 
ments. 

The detector fulfills the need for 
an inexpensive electrical level sensing 
device for measuring the level of any 
liquid in either open or pressurized 
containers. 

It employs a unique frictionless 
magnetic coupling to transmit motion 
from level change in the vessel to 
contact wiper movement on the po- 
tentiometer winding inside the instru- 
ment housing. 

Primary level change is sensed by 
a range displacer suspended in the 
liquid by means of a precision Ni- 
span-C extension spring. As the 
liquid level rises or falls, the effec- 


tive weight of the displacer changes, 
causing the spring to extend more 
or less. A magnet-attracting ball is 
rigidly attached to the displacer by 
a stem and remains centered inside 
a non-magnetic, pressure-tight tube 
due to the downward weight of the 
displacer. A pivoted horseshoe mag- 
net on the outside of the enclosing 
tube follows the attraction ball and 
transmits movement to the contact 
wiper. 

Various length displacers are avail- 
able to measure a wide range of level 
travels. An adustment is provided to 
calibrate the resistance level trans- 
ducer for liquid specific gravity vari- 
ations of from 0.7 to 1.1. Thomas 
A. Edison Industries. 


Circle E2 green card, last page 
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Why do some steel tubes fail under high oper- 
ating temperatures and pressures? 

Basically, it’s because the grade of steel and 
physical and mechanical properties of the tube 
haven't been matched accurately to specific 
stress and temperature requirements. As a 
result, the tube lacks the mechanical strength 
to resist rupture and creep in continued service. 

There is no formula that will produce auto- 
matically the right tube for your application. 
To arrive at a Job-Matched tube requires the 
knowledge of how particular grades of stain- 
less, alloy and carbon steel tubing react under 


a variety of specific operating temperatures 
and pressures. And, it takes engineering know- 
how to determine the preper factors of oxida- 
tion and corrosion resistance, tube size, flow 
rates, and rates of thermal expansion and con- 
ductivity that match application requirements. 

This is the kind of experience and assistance 
available to you through your B&W district 
salesman or Steel Service Center handling 
B&W Tubular Products. Why not take ad- 
vantage of it? 

The Babcock & Wilcox Company, Tubular 
Products Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 





: TUBULAR PRODUCTS DIVISION 
A-1007P 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
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Don’t iake our word for it 
—try a new RIGAID Flar- 
ing Tool! See if you don’t 
get smoother, stronger, 
more uniform flares .. . in 
less time and with less 
effort than ever before! 


Then, compare this new 
Ritaip Flaring Tool, 
feature-by-feature, with 
any flaring tool you’ve 
ever seen or owned: 
® Feed releases automati- 
cally when flare is fully 
formed. @ Reversing feed 
screw burnishes flare. ® 
Hardened steel die bars 
are precision-machined. ® 
Large, comfort-grip feed 


— 


\ 
! 
! 


screw handle turns easily. 
® Precision-ground, hard- 
ened steel flaring cone, 
eccentrically mounted in 
precision bearings, pro- 
duces rolling action for 
even metal flow . . . gives 
uniform flare walls with- 
out galling. © Tubing hole 
sizes are clearly marked. 
® Easy sliding rugged 
malleable yoke serves as 
stop for tubing to give 
correct flare size. © Yoke 
clamp screw fits into 
centering hole . . . locks 
bars, yoke and tubing into 
perfect alignment. ® Stop 
pins keep yoke on die bars 
at all times . . . yoke can’t 
slide off. 


3 MODELS: 
RIGID No. 457 for 45° flares, 4" to 4” O.D. (7 sizes) 
RIGID No. 459 for 45° flares, 4" to %”” O.D. (9 sizes) 
RIGID No. 376 for 37° flares, %"" to %’" O.D. (6 sizes) 


See and try these new RIED Flaring Tools. 
Your Supply House has them. 
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the difference on the line 


with Rockwood Unions 


In every way — from packaging through performance — 
Rockwood Unions are superior to competing brands. Yet they 
cost no more! 

The differences in Rockwood Unions tell their higher qual- 

ity story: 
Rockwood Unions are boxed, the contents clearly labelled 
and identified. On/ly Rockwood Unions have the hardness dif- 
ferential which assures fast, easy make-up, tight seal and free- 
dom from galling. Only Rockwood offers four different seat 
types. Only tougher Rockwood Unions give you complete 
corrosion protection including “Rockwoodizing,” the process 
that makes the threads and the entire surface of the union 
corrosion resistant. Longer service life under severe line 
conditions ... greater resistance to vibration and shock... 
easier handling .. . Rockwood Unions give you a// these ad- 
vantages. Rockwood Unions are available in a wide range of 
sizes ... all parts are interchangeable. Regardless of your 
needs, Rockwood Unions will do a better job for you. For com- 
plete facts write Rockwood Sprinkler Company, Union De- 
partment, 726 Harlow Street, Worcester 5, Mass. Distributors 
in all principal industrial areas. Rockwood Sprinkler Com- 
pany, A Division of The Gamewell Company, ee 
A Subsidiary of E.W. Bliss Company. "ss 


eH 


ROCKWOOD 


UNIONS 
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Low Cost Chromatograph 
Checks Light Hydrocarbons 


A low cost vapor fractometer, 
Model 154-L, retains high perform- 
ance components developed for use in 
the company’s wide range instru- 
ments. 

The instrument’s combination of 
low cost, simplicity and reliability 
makes it well suited to a number of 
applications. These include routine 


analyses of the same or very similar 
samples, such as those performed in 
light gas analyses—Orsat type anal- 
yses (hydrogen, oxygen, nitrogen, 
carbon monoxide, carbon dioxide, 
methane)—and light hydrocarbon 
analyses (methane through pentanes) 
where the 
switching attachment with its integral 


instrument’s column 


reverse flow valve will be especially 
useful. 

Price of the Model 154-L, com- 
pletely equipped with all necessary 





| 
| 
| 


accessories including a 1 millivolt | 


Leeds & Northrup recorder, is less 
than $2,000. Perkin-Elmer Corp. 
Circle E3 green card, last page 


Transparent Level Gages 
Made in 34 Types 

A completely new line of flat-glass, 
transparent gages for steam-water 
service at working steam pressures of 
450 and 650 psi, is designed expressly 
to provide a continuous, accurate 
check on water levels in boilers, feed 
water heaters, accumulators, condens- 
ers, separators, heat exchangers, de- 
aerators and process vessels. 

With a total of 34 gages in the line, 
the company offers a very large selec- 
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Acetic Acid « Acetic Ethér + Ace 
Banana Oil + Barium Sulphate 

¢ Boiler Feed Water « Borax « 
Butene + Butyl Acetate « Calciul 
« Carbon Dioxide + Car’ 
Chlorine + Chloro 

Oil + Creosr 

Ethylene 
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Liquor. 3 
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« Methy, - * 
Oleic Acid « Olec ° 
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Ether » Phenol + Phosphoric A 


+ Alcoho jag 


enzene » 


le «Alum >» Amm 


id + Black Liquor + Bleach Lia 


-/ Alcohol « 
.e « Glycerine 
« Kerosene + Kraft 


~ Keetate « Methyl Alcohol 


mphtha + Nicotine + Nitric Acid - 
me 


entane + Petroleum « Petroleum, 


Potassium Cyanide + Potassium 


A & 


chloride + Tetrachlorethane «+ Toluol + Tri-Sodium Phosphate + Trichlorethylene » Turpentine - 


ONE GASKET MATERIAL 


that will bandle over 120 different chemicals 
and their thousands of variations 


DURABLA Homogeneous Com- 
pressed Asbestos Sheet Packing is a 
single-formula material that can be 
used with proved safety for the seal- 
ing of practically all oils, gases, alka- 
lies, acids and hydrocarbons. It is 
suitable for a wide range of tempera- 
ture-pressure combinations. 

The versatility of this material re- 
sults from the use of a greater per- 
centage of selected Canadian asbestos 
fibre, of the spinning group, than is 
found in any other gasket material. 


The asbestos is skillfully compounded 
with a special binder. Every square 
inch of the sheet has uniform density, 
thickness and asbestos distribution. 

DURABLA Sheet Packing is avail- 
able in eight different gauges. Gaskets 
are supplied in all sizes and shapes, 
accurately machine cut. 

Write for full information about 
the all-purpose gasket material. Ask 
for a copy of bulletin PR 121. 

DURABLA MANUFACTURING COMPANY 


114 Liberty Street, New York 6, N. Y. 


® 


Manutacturers of DURABLA Pump Valves and Check Valves 
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in test after test 
HAGATREAT IS MOST EFFECTIVE 
... AT LOWEST COST PER DAY 


Plant tests designed to determine which corrosion inhibitor provides 
the lowest cost per degree of protection usually indicate Hagatreat as 
the winner by a wide margin. Here are the results on test strips from 
one such test: 


corrosion rate 

mg/dm2/day  mils/yr 
Hagaireat 168 0.41 0.06 
Hagatreat 168 0.58 0.11 
Hagatreat 168 1.1 0.20 
The low corrosion rate registered here is typical of Hagatreat results 
in plants all over the country. Hagatreat is effective with steel, copper, 
aluminum; in fact, complete treatment as recommended by the Hagan 
engineer is designed to protect the entire system, from cooling towers 
on through. 

Complete information on Hagatreat or any of the Hagan water treat- 


ment chemicals is available on re- 
HAGAN 


quest. Write or phone for a Hagan 
engineer, or ask for the Hagatreat CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


Specimen No. 
1055 (copper) 
7618 (steel) 
7621 (steel) 


Location Treatment 


Biowdown 
Tower Sump 
Blowdown 


Bulletin—No. CSP-935. 


HAGAN DIVISIONS: CALGON CO.-HALL LABORATORIES+ BRUNER CORP. 
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tion of valve centers (ranging from 
154 inches and up), visibility lengths 
(104% to 21% inches), and gage and 
valve combinations on the market. 





HypDROCARBON 


All are engineered to provide unin- 
terupted visibility within the centers 
offered. 
| Rigid gage construction and flex- 
ible stress-free installation minimize 
| leakage possibilities. Exclusive raised 
| gage face reduces internal stresses, in- 
' sures longer glass life, simplifies main- 
| tenance, permits perfect realignment 
and reassembly. Separate gage con- 
struction on two section gages elimi- 
| nates need for replacement of an 
entire gage. Penberthy Mfg. Co. 


Circle E4 green card, last page 


| Ductile Iron Bodies on 
| Fast Valve Actuators 


Light weight, fast-acting actuators 
have been combined with rugged 
ductile iron bodies in the new 1000V 
Series of cylinder-operated valves. 

| The one-piece stem and disc con- 
struction is made of Monel for long 
wear and resistance to corrosion and 
erosion. A positive, leak-proof seal is 
provided by using a series of Teflon 

| rings compressed against the stuffing 

and the stem surface. A 

| stainless steel spring mounted on a 
self-aligning packing gland to elimi- 
nate side thrust provides spring load- 
ing for the packing rings. 

The lc w coefficient of expansion of 
the iron body and spider greatly re- 
duces leaks in the stem packing and 
minimizes the annoyance of loose seat 

| rings. The cylinder is made of heavy- 
| gage, anodized aluminum. The cast 
aluminum piston with a Teflon- 


box wall 


Processinc & PETROLEUM REFINER 
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Production began at The DowChemical Company’s manufacturing system ...a project that might 
Monomer Plant No. 2 at Midland, Michigan, ordinarily require a year or more 


within 38 weeks after the contract for its design Engineering work began four days after contract 
and construction was awarded to Stone & Webster signing, while major equipment purchases were 
Michigan, Inc. Close cooperation with the client’s completed and piles were being driven eight weeks 


own engineers, plus Stone & Webster's long ex- later. If you have an engineering situation that 
perience in this field, contributed to the successful might benefit from Stone & Webster's ability to get 
completion of the multi-million dollar styrene things done, we would like to discuss it with you. 


AN STONE & WEBSTER Engineering Corporation 


New York,90 BroadStreet Boston,49 Federal Street 
Chicago Houston San Francisco Los Angeles Seattle Toronto Calgary 
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B-E-H 


mono-block: 


delivers higher insulating efficiency 
at lower installed cost 


ag 


Any way you figure it, you'll get a better job at lower cost with Mono-Block. 
Thickness for thickness, Mono-Block delivers more margin of protection than 
most other block insulations. And because it’s so much easier to handle, so 
much faster to apply, installation costs on Mono-Block go down by as much 
as 15% to 20%. 

Higher Maintained Efficiency! The patented B-E-H manufacturing process 
assures greater integrity of binder and mineral fiber... provides longer 
periods of peak efficiency at high temperatures. 


Lower Installed Cost! On any installation, large or small, Mono-Block delivers 
these outstanding engineering advartages: 1. Easy cutting for perfect fit 
... Straight, odd-shaped, mitered, angled or curved. 2.Push-over” impaling 
on studs or pins... without drilling holes. 3. Two by three foot blocks mean 
faster coverage, easier handling...and Mono-Block’s strength reduces pos- 
sible damage when installing. 4. Mono-Block’s built-in “give” allows it to 
fit snugly over projections, without cracking or breaking. The outer surface 
stays flat and smooth. 


At Your Service! For technical data and service, call your local B-E-H con- 
tractor. For engineering assistance — from information to installation — 
write Baldwin-Ehret-Hill, Inc., Room 203, 500 Breunig Ave., Trenton 2, N. J. 


Him) BALDWIN-EHRET-HILL, Inc. 


BALDWIN EMRET HILL 











Manufacturers of a complete line of pipe, block, felt and blanket 
insulation for temperatures from near absolute Zero to 2100 F. 
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coated wall moves within the spider 
casting to eliminate malfunction due 
to external cylinder damage. The 
minimum travel time of the valve pis- 
ton is less than a fraction of a second. 
- Valves are provided for either two 
or three-way operation, The rated 
service pressures are 300 or 500 psi, 
and the valves are available for cold 
or hot hydraulic service up to a max- 
imum temperature of 400° F. Taylor 
Instrument Co. 
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Zinc Coating Requires 
Only Two Hours to Cure 


A new non-flammable inorganic 
zinc coating system requires only two 
simple spray operations to apply, is 
effectively cured within two hours 
and does not require a decorative 
topcoat. 

The new system employs an ex- 
clusive cure coat, available in stand- 
ard primer colors, that eliminates the 
need for rinsing or scrubbing and is 
entirely free of the tackiness common 
to ordinary cure coats. The inherent 
action of the primer convertor coat, 
which prevents contact between resid- 
ual non-reactive acids and any vinyl, 
epoxy, or other type of topcoat, in- 
sures maximum topcoat adhesion not 
otherwise attainable. 


Designed for heavy duty main- 
tenance, the new system provides true 
galvanic protection to ferrous or 
aluminous metals. Using ordinary 
spray equipment, a uniform wet film 
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ALCOA 


- good designs made better with aluminum 


Aluminum cooling system at Oak Ridge 
includes Tube-Turn fittings 


At Oak Ridge National Laboratory, a cooling system utilizing alumi- 
num forces more than 12,000 gal of water per minute through the 
research reactor. Welding fittings up to 24 in., thought to be the world’s 
largest of aluminum, were made with Alcoa® Aluminum by Tube Turns 
Division of Chemetron Corporation, Louisville, Ky. Aluminum was 
selected to maintain purity of the demineralized water. Other advan- 
tages: aluminum’s low cost, corrosion resistance and superior heat- 
transfer ability. To take advantage of Alcoa’s 35 years of heat exchanger 
experience, please send the coupon. 


y ALCOA ALUMINUM 





Aluminum Company of America, 827-MM Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature: 


(] 34-10197 Aluminum Pipe and Fittings 
() 68-10460 Process Industries Applications of Alcoa Aluminum 
(] 34-11566 Alcoa Aluminum Heat Exchangers and Condensers 


Te RTs | eae Te _Title 


Company____ 
Address. 
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The ORBIT Value seating 
principle is best described as em- 
ploying: (1) Globe valve seating, 
(2) Wedge valve action, (3) Plug 
valve rotation — all three princi- 
ples are combined to provide 
Friction-Free seating plus Full 
Round Straight thru flow, and to 
eliminate normal valve wear prob- 
lems, and to provide long valve 
for liquids & life, yet no lubrication is required 
and gases for a shut-off. Valve replacement 

problems are minimized. 


ORBIT ASA CLASS 
VALVES 


The body seat is designed 
with a convex seating surface 
formed by the Teflon and metal 
— this provides for absolute shut- 
off and assures positive closure 
under severe conditions. The Tef- 
lon is so contained that it is not 
affected by high differential pres- 
sures flowing across the seat. 


Normal manufacturing tolerances 
ORBIT VALVES COM BINE THREE as well as normal valve wear are 
TL ahheionh aa Aaah ee Eee compensated for by the resilient 
PROVEN SEATING PRINCIPLES Teflon material. ORBIT Valves 
i wee oy ye 4-8 EY UM Y 2° << 2 comply to ASA Pressure Tempera- 
IN ONE VALVE SEAT ture Ratings. 


FOR LIQUIDS and GASES 


FOR 


ORBIT TYPE “N” BODY pa 


SERVICE 


SEAT WITH MOLDED oneieus 
TEFLON’ FEP RESIN sie it 
PROVIDES: I 


ASA 150 Ib. thru 
ASA 2500 Ib. 
AND for 
(2) friction-free seating 450° Fahr. 

SERVICE 
(3) seating without lubrication IN RATINGS 


ASA 150 Ib. thru 
TYPE “N” BODY SEAT HAS ASA 600 Ib. 
400° Fahr. MAXIMUM 
TEMPERATURE RATING. CLASS 


(1) resilient ‘seating with metal-to- 
# metal back-up 


*Telfon is duPont's registered trademark For additional infor- 
for its family of fluorocarbon resins, 


including FEP resin. mation write for our 


Catalog 61-B. 


ORBIT 
ORBIT VALVE COMPANY VALVES 


P. O. Box 699 Tulsa, Oklahoma Phone LU 4-4761 TWX TU 925 
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of Zincilate 101, 2 to 5 mil dry thick- 
ness, is applied and allowed to air-dry 
one hour. With no further prepara- 
tion, the primer convertor, or cure 
coat, is then applied by spraying. If 
an identifying color coat is desired, 
it may be applied one hour after the 
primer. 

Materials costs for the new Zinc- 
ilate system average seven cents per 
square foot. Application costs are re- 
duced at least 33 percent through the 
complete elimination of the water 
rinsing operation. Application time is 
reduced from days to just two hours. 
Industrial Metal Protectives, Inc. 
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Inert Gas Generators, 
Fire Guards in Catalogs 


A new catalog on inert gas genera- 
tors is fully illustrated with charts, 
drawings and photographs. The 
booklet explains how the generators 
operate to produce inert gases eco- 
nomically. 


It lists specific uses of inert gases | 
and features a diagram with cuta- | 
ways of a complete gas producing | 


system. The component parts of two 


generators, Models MIHE and MID, 


are described and pictured, with a | 
full explanation of the function of | 


each. 


Also available is a new catalog on | 
fire guards for flammable and com- 


bustible line protection. 


Graphic: lly illustrated with dia- | 
grams and charts, the booklet de- | 
scribes the Q. A. fire check for fuel- | 


fired combustion systems. This device 


automatically shuts off the flow of | 


combustible mixtures when flashback 
occurs in the line. 


Other fire guards described are the 


QASH backfire preventer for main 


line protection of large combustion 


systems; flame arresters for flame | 


control in flammable lines, preventing 


flashback hazard; and soft heads for | 


pressure relief in pipe lines. C. M. 
Kemp Mfg. Co. 
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Gate, Globe, Check Valve 

Fabricated Steam Jackets 
Design flexibility and improved 

heat transfer are features of a line 
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Alumi-Louvers provide dependable, 
economical ventilation at 
New York State Natural Gas Co. 


For uninterrupted, maintenance-free performance, Mansfield Metal 
Fabricating Co., Mansfield, Ohio, constructs its famous Alumi- 
Louvers of Alcoa® Aluminum. A typical installation (shown) is at 
New York State Natural Gas Co., Tamarack, Pa. Alumi-Louvers 
require no maintenance, provide dependable, economical control of 
ventilation and temperature. Mansfield reports that lightweight alumi- 
num cuts transportation and installation costs (special rigging is un- 
necessary ). For more information about corrosion-resistant aluminum, 
please send the coupon. 


Warcon ALUMINU AA 





Alyminum Company of America, 827-ZZ Alcoa Building, Pittsburgh 19, Pa. 

please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 

| 68-10460 Process Industries Applications of Alcoa Aluminum 


42-20849 Resistance of Aluminum Alloys to Weathering and Resistance of Alumi- 
num Alloys to Chemically Contaminated Atmospheres 

61-21088 Aluminum Cooling Towers and Their Treatment 

34-11566 Alcoa Aluminum Heat Exchanger Tubes 


Name__ Title 


Company ___ 
Address 











City 2S iw Sa a Jee _State__ 
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This mark tells you a product 
is made of modern, dependable Steel. 


The ten most important seconds 
in the life of a pressure tube 


Every length of USS National Electric-Resistance Welded Pressure Tube must pass a hydrostatic pressure 
test before it leaves our mill. 

Each tube is fitted in leakproof heads and filled with water treated with a corrosion inhibitor. After all 
air is purged, pressure is applied and held for ten seconds. Internal hydrostatic pressure varies with size as 
prescribed by applicable ASTM specifications which are designed to produce a wall stress from 16,000 to 24,000 
psi. Typical pressures so calculated are 4,000 psi for 1” O.D. x .085” wall and 2,100 psi for 3” O.D. x .134” wall. 
Our rigid inspection of each pressure tube promises long efficient service in boilers, heat exchangers, con- 
densers, super-heaters, economizers and other prer< we applications. 

For your next installation, consider USS National Electric-Welded Pressure Tubes. They are stocked all over 
the country by National Tube Distributors. Our trained Mill Service Force is also available for field consulta- 
tion. Write National Tube Division, United States Steel, 525 William Penn Place, Pittsburgh 30, Pennsylvania. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors + United States Steel Supply Division + United States Steel Export Company, New York 
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of steam-jacketed stainless steel 
valves. The valves have cast bodies 
and fabricated jackets of the same or 
different material, as desired. 

Fabricated jackets allow assurance 
of clean interior surfaces; clean, fully 
open steam passages; and more con- 
tact area for the steam, assuring 
maximum heat transfer. Jacket steam 
volume for a given envelope size is 
greater than with integrally cast jack- 
ets, and is controlled to an extent not 
heretofore achieved. Bonnet jackets 
are extra large to absolutely preclude 
the possibility of fluid solidification 
around the stem and packing. 

The rew steam-jacketed line in- 
cludes gate, check, and globe valves 
with flange? end-connections in sizes 
from 1 to 8 inches. All gate and globe 
valves back-seat, allowing for repack- 





ing under pressure. Cooper Alloy | 


Corp. 


| 
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Hot Potassium Carbonate 
Process Covered in Report 


The rapidly growing use of natural 
gas is forcing many producers to 
treat sour gas reserves they previously 
ignored. These gases contain rela- 
tively high concentrations of carbon 
dioxide and hydrogen sulfide, as well 
as traces of carbonyl sulfides and 
mercaptans, and these concentrations 
must be reduced to pipe line specifi- 
cations prior to use of natural gas as 
a fuel, 


A 30-page technical report (6.61) 
on an economical way to remove acid 
gas by the hot potassium carbonate 
process reveals the many advantages 
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"ALCOA 


good designs made better with aluminum 


Butler aluminum tanks 
prevent product contamination at 
Dow Chemical’s Saginaw Bay Division 


This aluminum storage installation maintains product purity for the 
polychemicals department of Dow Chemical Co., Bay City, Mich. Used 
for polystyrene, polypropylene or polyvinyl chloride, these bolted tanks 
were fabricated of ALCoA® Aluminum by the Bulk Storage Division of 
Butler Manufacturing Co., Kansas City, Mo. Many sensitive chemicals 
and oils are handled today in aluminum to avoid product degradation 
or decomposition. Moreover, low initial cost and no maintenance make 
aluminum an economical investment. We'd like to send you more in- 
formation. Please mail the coupon. 


Warcoa ALUMINUM, 





Aluminum Company of America, 827-Z Alcoa Building, Pittsburgh 19, Pa. 


Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 


(_] 68-10460 Process Industries Applications of Alcoa Aluminum 
(_] 42-20849 Resistance of Aluminum Alloys to Weathering and Resistance of Aluminum 
Alloys to Chernically Contaminated Atmospheres 


Name ee ae lca : Title 
ee 

Address__._._ 

City ee 
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A Few of the Many 


STRATCO 
VAPORATOR 


SEEM ES 
in Service Today... 








* | 


Nas y/ 








Dehydrator-Blender in the Continuous Lube Blending Plant 
in a Standard Oil Company of Ohio Refinery. 


STRATCO 


Reg U.S. Pat. OfF 


sn Dehydrator for Final 
7, Product Oils from 
Dehydrator for Block Operation on Light Oils, including Hydrotreater Plant at 
Transformer Oils, in the Standard Oil Company of Cali- Shell Oil Company 
fornia, Richmond Refinery Refinery, Houston. 


ag ue 3 e BE 
9 ig 
~ ge te 


REPRESENTATIVES 
D. D. Foster Co., Pittsburgh, Pa. 


D. D. Foster Co., S. Charleston, W. Va. S$ TR A TF oO a D @ PETROLEUM REFINING ENGINEERS 


The Rawson Co., Inc., Baton Rouge 


F. J. McConnell Co., New York EWN G INEERIN G 


Lester Oberholtz, Los Angeles 


Rawson-Houlihan Co., Inc., Houston ' e] ag PP oO RA Ti © Ni 


Rawson-Houlihan Co., Inc., Beaumont, Texas 4601 Madison Ave. Kansas City 12, Mo. 
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New Equipment... 





gained from this scrubbing process 
first developed by the U.S. Bureau 
of Mines. 

The hot potassium carbonate proc- 
ess is best suited for the treatment of 
gases above 200 psi total pressure, 
with acid gas partial pressure from 20 
to 100 psi. Among the synthesis gas 
applications for this method are those 
of oil gas, refinery hydrogen, coal- 
derived Lurgi gas, and ammonia syn- 
thesis gas. Carbon dioxide acts not 
only as an undesirable diluent in 
these gases, but it is also considered 
to be a catalyst poison in several 
processes when present in appreciable 
quantities. Solvay Process Div., Allied 
Chemical Corp. 


Circle E9 green card, last page 


Every Engineer Will Be 
Required to Buy or Sell 


“Buyer-Seller ‘Alliance’: Important 
to Engineers” is another in the “Pro- 
fessional Advancement” series being 
published for engineers in the proc- 
essing indusiries. It analyzes the all- 
important relationship between the 
engineer engaged in specifying or 
buying and the engineer engaged in 
selling equipment for processing 
plants. The most satisfactory con- 
tracts, the booklet stresses, are made 
when buyer and seller are working 
together to reach the same goal, i.e., 
equipment entirely suitable to the 
need, delivered on schedule, at the 
lowest attainable cost, with adequate 
profit to the seller. 

Buyer and seller are not, or should 
not be, pitted against each other to 
get the best bargain. Sooner or later, 
nearly every engineer in the process- 
ing indsutries will be required to par- 
ticipate in a buying or selling situa- 
tion. This booklet was prepared to 
assist these men. Western Supply Co. 


Circle E10 green card, last page 


Process Instruments 
Described in New Catalog 


A new 50-page catalog of process 
instruments describes ElectroniK in- 
struments, ElectriK and pneumatic 
Tel-O-Set lines, millivoltmeters, pri- 
mary sensors, filled-system thermom- 
eters, pressure gages and transmit- 
ters, flow and liquid level meters, 
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"ALCOA 


good designs made better with aluminum 


All-aluminum construction resists corrosion, 
weatherproofs thermal insulation 
in Spencer Chemical prilling tower 


This 180-ft, all-aluminum, urea prilling tower, operated by Spencer 
Chemical Co., Henderson, Ky., was built by Mississippi Valley Struc- 
tural Steel Co., St. Louis, Mo. To ensure uninterrupted, corrosion-free 
service, plant designers used Alcoa® Aluminum throughout—frame, 
walls, bolts, piping, fittings, connections and fasteners. Aluminum 
sheathing weatherproofs thermal insulation on tower, heat exchangers 
and piping. Please send the coupon for more information about Alcoa 
Aluminum’s unique advantages. 


Warcoa ALUMINUM 





Aluminum Company of America, 827-M Alcoa Building, Pittsburgh 19, Pa. 
Please send me the following literature covering Alcoa Aluminum for tubular 
products and other uses in the process industries. 
O 68-10460 Process Industries Applications of Alcoa Aluminum 
O 03-19122 Alcoa Structural Handbook 


0 42-20849 Resistance of Aluminum Alloys to Weathering and Resistance of Alumi- 
num Alloys to Chemically Contaminated Atmospheres 


Name____- Title 


Company____ 
Address. 


City_ 


y= 
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Turco Products uses 


Borg-Warner Mechanical Seals 
exclusively 


keep bearings from being "cleaned out” 
on Turbulator Cleaning Machines! 





From jet engines to railroad engine parts, Turco Products, Inc. 
“Turbulator” cleaning machines do an amazing job of cleaning 
every bit of a part or product quickly and efficiently. 

But any leakage of this same cleaning compound past the pro- 
peller shaft can clean out bearing lubricant too, and costly bear- 
ing failure would result. 

That’s why Turco has standardized on Borg-Warner Mechan- 
ical Seals for all Turbulator units as the most 
effective shaft seal for this rugged service. 

Find out how a Borg-Warner seal 
design can help solve your rotating 
shaft sealing problem. Write or 
call for more information! 


12 Borg-Warner Mechanical Seals 
are used on this single Turbulator 
—for cleaning railroad 

engine parts! 


Borg-Warner Mechanical Seals 


P.O. Box 2017, Terminal Annex 
Los Angeles 54, California 


| New Equipment . . . 





Dur-O-Pulse telemetering systems, 


| special purpose instruments, comput- 
| ers and data handling systems, basic 


industrial controls, and control valves. 

Forty-eight pages cover informa- 
tion on Honeywell instruments and 
systems for measuring, recording and 


| controlling industrial processes. A 


typical product page includes a sharp 
halftone illustration, a clear, concise 


| description with primary specifica- 
| tions, price range and literature ref- 
| erence. Minneapolis-Honeywell Reg. 


Co. 
Circle E11 green card, last page 


Computer System Brochure 
Covers Data Communicator 


A new, revised 19-page brochure 


| describing the G-20 computing sys- 


tem includes a description of the 
DC-11 data communicator, an acces- 
sory which has increased the work 
capacity of the system by four times. 
The DC-11 relays data between the 
G-20 inemory and a number of in- 
put/output devices. 

The brochure, illustrated with pho- 


| tographs and sketches, contains infor- 
| mation on the over-all system, 


information flow, accessories, pro- 
graming and specifications. Diagrams 
illustrate various systems or sub- 
systems for the G-20, based on the 


| “communication line’? concept. A 
| comprehensive and detailed explana- 
| tion of programing and command 
| structure, including examples, is pro- 
| vided. Bendix Computer Div. 


Circle E12 green card, last page 


Manual Tells How to Reduce 


| Control Valve Noise 


A new technical manual (TM-9) 


| presents the problem of noise emitted 
| by control valves and explains how 
| sonic vibration can be damaging to 
| equipment as well as annoying to 
| personnel. 


The author has drawn his observa- 
tions from actual high pressure re- 
duction applications involving water, 
natural gas, and steam. It is shown 
that proper treatment will greatly re- 
duce the symptoms, and in some 
cases, eliminate them completely. 
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aN) symbol of modern valve design 


valves 


TUFLI 











Storage Tank Vent 


Drier GUARDS Liquids 
against Moisture . . 


This 40” desic- 
cant-type drying 
column will pro- 
tect tanks from 
500 gallons to 
50,000 gallons. 
The unit will dry 
vent air to a dew 
point of minus 
100°F. 


Write for 
Complete Details 


W. A. Hammond Drierite Co. 


120 Dayton Avenue, Xenia, Ohio 








New Equipment... 





Those problems which cause physical 
damage frum mechanical vibration of 
the inner valve are shown to be con- 
trollable by modification of some trim 
parts to check the vibration. Fisher 
Governor Co. 


Circle E13 green card, last page 


16-Page Brochure Details 
Desalting Processes 


A new 16-page brochure on desalt- 
ing processes and equipment for pe- 
troleum refiners is supplemented with 
photographs, photomicrographs, 
charts, graphs and drawings. The 
booklet fully describes the 
and equipment of electric desalting 
and TRET-O-LITE chemical desalt- 
ing. Petreco Div., Petrolite Corp. 


processes 
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Bulletin Covers Long 
Tangent Welding Fittings 
A new seamless welding fittings 
bulletin covers 90-degree elbows, long 
tangent one end or both ends, in 





- + « Cuts costs when you 


standard weight and extra strength. 

The term “long tangent” refers to 
a short extension of the face tangent 
to the 90-degree point of the elbow. 
Its purpose is to provide a straight 
section to which a slip-on flange can 
be fitted for welding. 

The new booklet includes charts on 
all pertinent dimensions in a nominal 
pipe size range of 1% through 12 
inches. Wall thicknesses agree with 
ASA B36.10 and dimensional toler- 
ances are as per ASA B16.9. Tubular 
Products Div., The Babcock & Wil- 
cox Co. 
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Gasoline Anti-Oxidants 
Offer New Properties 


Two new gasoline anti-oxidants, 
designated AO-23 and AO-27, are 
both paraphenylenediamine deriva- 
tives. 


AOQ-23 is a solution of diisopropyl 
paraphenylenediamine in alcohols and 
is more active than other previously 
used derivatives. 


AO-27, diheptal paraphenylene- 


diamine, has a lower degree of activ- 





fr Uniform QUALITY 


RING GASKETS 


« For ring-type 
flanged joints in 
high - pressure 
lines. Made of 
soft iron, stand- 


SIMPLIFY PIPE LAYOUT 


When you modernize to make money, go all 
the way. Cut piping costs to minimum with 
planned simplification. Give your staff a free 
hand to effect economics—at the same time, 
convert Danger Zones to Safety Zones. Equip 
every overhead valve wheel in your plant 
with Babbitt Adjustable Sprocket Rims with 
Chain Guides. 


ard steel alloys 
or any non-ferrous metal to any 
desired cross section. Ask for 
Bulletin 563. 





HEAT EXCHANGER 
GASKETS 


Made in any 9 

size or shape 
needed in double- 

jacket type. Also 

cut from solid 

metal or sheet packing. Ask for 
Bulletin 564. 


They simplify pipe layout. 

They fit any size valve wheel. 

They are easy to install and operate. 

They operate any valve from the floor. 

They save time and money. 

The first costis the only cost (no maintenance) 
They are packed completely assembled (one 
to a carton), with easy-to-follow instructions 
A hot-galvanized rust proof chain is avail- 
able for all sizes. 








CORRUGATED 
METAL GASKETS 
¢ Plain or jack- 
eted type. Made 
of ingot iron, 
aluminum, stain- 
less steel, copper, 
brass, nickel and monel in all sizes 
and shapes. Ask for Bulletin 565. 


we ee 
CHICAGO-WILCOX Mfg. Co. 


7719 So. Avalon Ave., Chicago 19, II. 


Babbitt Adjustable Sprocket Rims with Chain 
Guide are carried in stock by most mill supply 
houses. Just phone your mill supply salesman, 
or contact us direct. 


bstole)@) 8mm STEAM SPECIALTY CO. 


6 BABBITT SQUARE, NEW BEDFORD, MASS., U.S.A. 
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PERM’ 


rion 


PERMATURN VALVES « sonew, we changed their colors, too. You'll find the new 
PERMATURN semi-steel valves bright red: a color just as bold as the design concept they represent. For 
Rockwell PERMATURN valves were designed to incorporate all the most-wanted valve features: to give 
you new valve versatility for easy services or tough ones. Steel PERMATURN valves are now gray and offer 
new standards of valve performance in the higher pressure services. PERMATURN VALVES 
he learn more sea this nae new valve line, write to acer Seven ean rs) 
anufacturing Company, 400 N. Lexington Avenue, Pittsburgh 8, ee ee 
Pennsylvania for a copy of the new Pocket Valve Guide. ROCKWELL 


*Trademork Rockwell Manufacturing Company 











New Equipment .. . 





ity but is being offered for use in 
situations where lower toxicity is im- 
portant. 

Prices of the compounds, in drums 
at the truckload rate east of the Mis- 
sissippi, are: AO-23, 62 cents per 
pound; AO-27, 90 cents per pound; 
and AO-22, $1 per pound. E. I. du 
Pont de Nemours & Co. 
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Catalog Lists Hygrometer 
Instruments and Systems 


An eight-page, condensed catalog, 
lists a complete line of basic hy- 
grometer instrumentation and systems 
for various industrial applications. 

This comprehensive catalog enu- 
merates sensing elements, indicators, 
recorders, controllers, transmitters 
and accessories with concise, straight- 
forward descriptions. These basic 
components may be used to build di- 
verse systems for detecting, measur- 





now on-stream 


TOTCO-* 
END-POINT | 
ANALYZER 


a 





optimum returns through quality control 


Ss 


Among companies now using one or more Analyzers for monitoring or controlling are: 


The Atlantic Refining Company Standard Oil Company of Calif. 


Gulf Oil Corporation 
Mobil Oil Company 


Richfield Oil Corporation Texaco, Inc. 


Texas City Refining, Inc. 


The Standard Oil Company of Ohio Tidewater Oil Company 
Sun Oil Company 


Wilshire Oil Company of California 
and many other leading firms. 


Applications include quality control of reformer feed, gasoline and distillate 
components, and “‘special”’ products. 

Permits closer control to end-point specifications and increased yield. 
Continuous analysis improves quality. Write for Bulletin 6000-11. 


Totco also makes an Initial Boiling Point Analyzer. Write for Bulletin 1259-11. 


MANUFACTURERS 
OF PRECISION 
INSTRUMENTS 
SINCE 1929 


TECHNICAL OIL TOOL CORPORATION 
1057 North La Brea Avenue 


Los Angeles 38, California e OLdfield 4-1763 
Representatives: 

Energy Control Co., Inc. — 5 Beekman Street, New York 38, New York « Energy Control Corpora- 
tion — 3147 No. Broad St., Philadelphia 32, Pa. « EPCO Services — 888 East Northwest Highway, 
Mt. Prospect, Illinois « Melvin Fusfeld — Zeekant 95*¢, The Hague, Holland « Kirk Equipment Ltd. 
— 1460 Bishop St., Montreal, P.Q., Canada « The Mott Co. — 1719 McKinney St., Houston 1, Tex. 
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ing, recording and controlling rela- 
tive humidity, using the fastest, most 
reliable and accurate method of hu- 
midity detection known. Hydrody- 
namics, Inc. 


Circle E17 green card, last page 


24-Page Bulletin Rates 
Swing Check Valves 


A 24-page bulletin on swing check 
valves in regular and increasing types 
describes how the revolving double- 
disc principle, a feature of the com- 
pany’s gate valves, has been adapted 
to swing check valves. 

The bulletin includes a pressure 
rating table on the 2 to 16-inch valve 


| sizes as well as construction details. 


There are basic facts on spring and 
weight assemblies and complete speci- 
fications for the lever and weight, 
and lever and spring types. Darling 


| Valve & Mfg. Co. 


Circle E18 green card, last page 


| Cooling Water Treatment 


Described in Data File 


Technical data file C4 on Nalprep 
pretreatment for preparing and pro- 
tecting new or freshly cleaned metal 


| surfaces in cooling water systems, 
contains a process bulletin which tells 


when, where and how to use new 


| Nalprep. Technical data sheets on 
| specific products and reprints which 
| document the history and theory of 


the pretreatment chemicals, with lab- 
oratory data and case histories, are 


| included. Nalco Chemical Co. 
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Furnace Explosions 


_ Analyzed in Bulletin 


Furnace explosions are the subject 


| of a 16-page illustrated bulletin that 


analyzes the causes of 156 recent 
furnace explosions, discusses the 
theory of explosions during flame- 
outs, aud presents practical recom- 
mendations for safe operating pro- 
cedures. The Babcock & Wilcox Co. 


Circle E20 green card, last page 


Engineering Details Given 
In Compressor Bulletin 


| A new 56-page bulletin on the 
| Model TLA gas-engine-driven com- 
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The completion of Stauffer’s new Wyoming plant will herald a new, dependable 
natural source of highest quality soda ash for customers of Stauffer. Supplementing 
the existing West End Division facilities in California, the new Wyoming plant will 
greatly expand the area served by West End, the marketing division for Stauffer soda 
ash. Your plant, in the East or in the West, quite possibly can benefit from Stauffer’s 


multiple source. Let us suggest practical ways you can be supplied economically with 


bulk or bagged soda ash at your point of consumption. Simply address the coupon 


below and mail. 


Stauffer = 


WE ARE INTERESTED IN KNOWING THE BENEFITS TO US 
<C HEMICALS > OF STAUFFER AS A SODA ASH SUPPLIER. 


YOUR NAME 





COMPANY 





ADDRESS 





CITY STATE 
Please mail to West End Chemical Co., 636 California Street, San Francisco, Calif. 








DIVISION OF STAUFFER CHEMICAL COMPANY 


SAN FRANCISCO, 636 CALIFORNIA STREET + CHICAGO, PRUDENTIAL PLAZA «+ ST. LOUIS 19, P. O. BOX 48 
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212T TRANSCOPE Transmitter has 
mounting and process connection 
versatility. Process connections at 
top, back, bottom. 14" NPT fittings 
set on 214" centers. Universal 
mounting bracket for 2’’ pipe, 

or bolting to flat surface. 


Calibration linear with flow eliminates need for sectionalized charts. 


Laylor [nslruments 
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Wanta 
superior DP 
transmitter ? 


THE 2121 
TRANSCOPE 
TRANSMITTE 


performs better 
AND... 


gives linearized 
flow output without 
changing parts 


AND... 


with no premium 
price!!! 


The Taylor 212T TRANSCOPE Transmitter is first and 
foremost a superior DP Transmitter. In addition, 
however, when used for flow it can be 
calibrated to give linear output without 
changing parts. Check these plus features that 
are all yours with no premium price tag. 

Then see your Taylor Field Engineer for a 
demonstration or write for Bulletin 98413. 
Taylor Instrument Companies, Rochester, 
New York, and Toronto, Ontario. 


® High Accuracy— within 14% of output. 
® Liquid-filled primary unit means: 


Positive overrange protection. Hydraulic overrange 
protection to full body rating in either direction. 


Isolation of internal parts. Working parts——except 
diaphragms themselves—are exposed only to 
non-corrosive silicone oil. 


Built-in damping. Effective pulsation damping 
occurs at frequencies greater than approximately 
2 cycles per second. 


Exceptional Rangeability. 20 to 250’’ water for 
differential pressure, 20 to 175” water for flow. 
Zero suppression and elevation available. 


Servo power for square root extraction. Linear output 
is a real money saver when applied to computer 
control or ratio and cascade control systems. 


Linearized flow eliminates need for sectionalized 
charts. 


Open case design Diagonally split case 
provides free access for gives easy access for all 
maintenance. adjustments. 


MEAN ACCORACY FIRST 
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SERVICE ORGANIZATION WITH 


Unlike other service organiza- 
tions, HOUDRY offers experience 
not so much in solving particular 
types or categories of problems, 
as in dealing with the full range 
of catalytic processing. 

More specifi- py 
cally, HOUDRY of- ly) 
fers thorough /|]]i |} ]| 

g 
knowledge of the 
entire field, as well 
as its specialized 


For more data on advertised products, use cards, last page 


PROCESS CORPORATION 
1528 Wainut Street, Philadelphia 2, Pa. 
*Houdry means Progress...through Catalysis 


SCOPE 


segments. Asa result, the poten- 
tial value to you of individual 
categories of service... contract 
research ...engineering and tech- 
nical assistance... process design 
...economic consultation...and 
— I 1Y chemical and cat- 
| np il alyst services...is 
|) | strengthened by 
ready access to so 
much useful col- 
lateral experience. 


New Equipment .. . 


pressors of 1,700 to 3,400-bhp de- 
scribes performance features, the 
turbocharging system, standard and 
en bloc compressor cylinders, and 
various automation systems. Dimen- 
sions and specifications are included, 
along with construction details, sec- 
and 36 
photos. Clark Bros. Co. 


tional views, installation 
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Paper Details Pressure 
Reducing Valve Sizing 


A four-page technical paper on 
valve sizing, entitled “A Practical 
Look at Valve Sizing,” 
what appears in undersized, oversized 
and correctly sized pressure reducing 
applications. A typical example is 
given, dangers of missizing are clearly 
pointed out along with illustrations 
and the advantages of correct sizing 
indicate what can be accomplished 
with attention to detail. Jordan Valve 


Co. 


tells exactly 
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Asphaltic Crude Structure 
Clarified in Lab Studies 
Laboratory investigations of molec- 


ular structure of asphaltic crude oil 


| are presented in a free reprint of 
| the paper, “Reinvestigation of Densi- 
| metric Methods of Ring Analysis,” 
| by Teh Fu Yen, J. Gordon Erdman, 
| and William E. 
| Institute. 


Hanson. Mellon 
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REFRACTORY HAYDITE 


Makes Higher 
Heat Resistant Concrete 


Haydite aggregote used with Lumnite cement 
produces refractory concrete suitable for sus- 
tained temperatures up to 1800-2000° F., 
which makes it excellent for tubular heaters, 
ducts, tives, stacks catalytic crackers. 
Weighing from 30 to 40 per cent less than 
ordinary aggregate concrete, Haydite is ex- 











te 
for 
Pp in it 
Carter-Waters Refractory Haydite. 

We sell direct to you. 


_ eee 


KANSAS 


AiISSOURI 


2440 Pennway 4 Phone GRand 1-2570 
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Du Pont ne 4News 


Number 111 in a series of bulletins for the Petroleum Industry 


NOVEMBER + DECEMBER 1961 


Finding a path through today’s antiknock maze 


A recent Du Pont study showed one refiner how he could save $19 per 
1,000 barrels of regular gasoline and $64 on premium by changing 
antiknocks. 
Another could save $15 on regular and $20 on premium. 
The Du Pont studies that made these success stories possible may 
help you sort out the variables that control antiknock selection today, 
« yielding the octane rating you want at the lowest price possible. 


Wilmington, Del.: The Du Pont Petro- 
leum Laboratory is currently in the 
midst of a continuing program compar- 
ing the antiknock performance of 
TML, TETRAMIX* lead alkyl mixtures 
and TEL in a variety of fuels. 

These studies have already paid off 
for a number of refiners, by showing 
which of the many available antiknocks 
can do the best job of octane improve- 
ment per dollar spent. 

As refiners are well aware, the per- 
formance of the “new” antiknocks 
varies greatly from fuel to fuel and 
from engine to engine. Road octane 
values can differ greatly from Research 
and Motor octane results. Conse- 
quently, a full testing program must be 
conducted on every fuel before the re- 
finer can safely say, “This antiknock is 
best for my fuels.” 

*Trade Mark 


Du Pont’s continuing research pro- 
vides such assistance. 


PROBLEM: How Volatile? 

The gasoline you sell to the driver of 
a stick-shift, 4-cylinder compact may 
need a different antiknock than that 
used in an automatic transmission V-8. 
The Du Pont study has thrown dra- 
matic light on the significance of the 
differences in volatility of TML, 
“TETRAMIX” and TEL—and the need 
for greater volatility in the fuel distri- 
bution systems of certain groups of 
cars. TML and “TETRAMIX” are more 
volatile than TEL, and have clear-cut 
advantages in attaining desired Road 
Octane values in such automobiles. 


PROBLEM: What Concentration? 
Further results of our studies show 


that, of the new antiknocks, TML is 
generally most useful in manual trans- 
mission cars with fuels having low 
front end octane quality. ““TETRAMIX” 
provides advantages over TEL in a 
variety of fuels, its advantage increas- 
ing at higher octane and lead levels and 
higher aromatic contents. 


PROBLEM: How Many Dollars? 

Out of all this research comes the 
practical advantage of learning exactly 
which antiknock will work best in your 
fuel on the basis of overall cost. As a 
rule, the study indicates that TEL is 
still the most economical antiknock 
with respect to both Research and Road 
octane number in most fuels, with 
“TETRAMIX” proving best for a signifi- 
cant number of fuels and TML winning 
out in isolated cases. 


More Details Available 

Our Petroleum Laboratory is pre- 
pared to share this study with oil 
refiners and marketers, and to work in- 
dividually with you on choosing the 
most economical antiknock for your 
fuel. For further details, contact your 
Du Pont representative. 





ADVERTISEMENT-—Prepared for the Petroleum Chemicals Division of E. I. du Pont de Nemours & Company (Inc.) 


Computers speed research and results: 
This computer complex at the Du Pont 
Petroleum Laboratory is an integral 
component of many of our basic re- 
search studies, such as the effect of 
various additives on combustion cham- 
ber flame speed. By encoding and re- 
cording directly from the equipment 
under test, a great mass of test data is 
rapidly analyzed. From these data 
stem experience in the way fuel com- 
position variables affect performance 
and economy. 


OVER > 








R. O. BRAENDLE is Head of the En- 
gineering Division, Du Pont Petroleum 
Laboratory. 

Dick joined Du Pont in 1944. One of 
his early assignments was development 
research on grease thickeners. In 1950, 
he moved to the Company’s Experi- 
mental Station in Wilmington. Two 
years later, he moved again — this time 
to market research analyst in the then 
Technical Section of the Petroleum 
Chemicals Division. In 1955, Dick be- 


came assistant to the Additive Sales; 


Manager and, in 1956, was named 
Manager, Additives, of our Mid-Con- 
tinent sales group. A two year stint as 
Technical Manager, Eastern Region 
followed in 1958. He came to the 
Petroleum Lab in early 1960, to head 
the Chemical Division. Later that same 
year he assumed his present responsi- 
bilities. 

A recent indication of the breadth of 
his current research was contained in 
the Philadelphia Section-ACS talk he 
gave last March on “New Lead Anti- 
knock Agents”, a report of a continuing 
research program conducted by his 
group. 

Dick is a graduate of MIT. He and 
his family live in Wilmington, 





New Product Bulletin 


describes DMA-4, DuPont’s multi- 
functional additive. 

Now off the press, this new bulletin 
gives detailed information on the char- 
acteristics and functions of this versa- 
tile gasoline additive. 

Carburetor detergency is perhaps 
the most striking performance value 
you gain with DMA-4. It cleans car- 
buretors and keeps them clean. You'll 
find photos of various test results in 
the bulletin. DMA-4 also offers: 

e Anti-stalling properties. DMA-4 

sets up a protective film that makes 
throttle plates and other internal 


How to make a 
little change— 

or a BIG one— 
in a refinery 


We occasionally like to point with pride 
to accomplishments of our various 
petroleum services, such as the time 
we helped a refiner realize an addi- 
tional dollar on every barrel of a com- 
ponent by suggesting a change in its 
end use. 

A recent by-product in Du Pont 
linear programming is taking us into 
the area of helping refiners to evaluate 
capital equipment changes, in addition 
to the more common studies of proc- 
esses and components. 

For example: not long ago, a refiner 
asked us to weigh the pros and cons of 
his adding an alkylation unit. In an- 





<.! ‘ 

pny IAS 
other case, the equipment in question 
was a coker. 

In both cases, we were able to help 
by combining the refining experience 
of our people plus the mathematical 
capacity of the most modern electronic 
computers, to analyze the complete 
refinery and then evaluate the relative 
economic effects of making changes in 
process or equipment. 

Such use of linear studies is a natural 
outgrowth of our basic investigations 
of blending, inventory and other re- 
fining problems. 

Your Du Pont representative will be 
glad to tell you more about the advan- 
tages of Du Pont linear programming. 


TELEPHONE NUMBERS FOR SALES OFFICES 


Area Telephone 
Code* No. 
Chicago 3, Illinois— 
8 S. Michigan Ave. 312 RA 6-8630 
Houston 2, Texas— 
702 Bank of Commerce Bldg 713 CA 5-1151 
Los Angeles 17, California— 
612 S. Flower St. 213 MA 4-1354 
New York 20, New York— 
45 Rockefeller Plaza 212 CO 56-2342 
Philadelphia 2, Pennsylvania— 
3 Penn Center Plaza 215 LO 8-3531 
Pittsburgh 22, Pennsylvania— 
One Gateway Center 412 AT 1-2933 
San Francisco 4, California— 
111 Sutter St. 415 EX 2-1934 


area Telephone 
Code* No. 
Seattle 3, Washington— 
4003 Aurora Avenue, North 206 ME 2-6977 
Tulsa 19, Oklahoma— 
1811 South Baltimore Ave. 918 LU 38-8581 
Canada 
Toronto 12, Ontario— 
Du Pont of Canada, Limited 
Petroleum Chemicals, 
85 Eglinton Avenue, East 416 HU 1-646) 
Other Countries 
Wilmington 98, Delaware— 
Organic Chemicals Department 
Export, 7451 Nemours Building 
Petroleum Chemicals Division 342 PR 4-5009 


*for Long Distance Dialing 





surfaces water repellent, thus pre- 
venting stalling due to ice forma- 
tion on cool, damp days. 

e Rust prevention. The protective 
film also protects metal surfaces 
(engine parts as well as pipelines 
and storage tanks) from corrosion. 

e Phosphorus credit. DMA-4 con- 
tains phosphorus compounds of 
the type helpful in suppressing 
surface ignition and spark plug 
fouling caused by combustion 
chamber deposits. The concentra- 
tion of other phosphorus additives 


can, therefore, be reduced propor- 
tionately to obtain minimum treat- 
ing costs. 
For a copy of this useful new bul- 
letin, contact your Du Pont Petroleum 
Chemicals representative. 


ts us pat orf 


Better Things for Better Living 
through Chemistry 


Du Pont Antiknocks and other Petroleum Additives 


q OVER 


ADVERTISEMENT—Prepared for the Petroleum Chemicals Division of E. I. du Pont de Nemours & Company (Inc.) 


Printed in U.S.A. 





New Equipment... 





Sampling Valve Details 
Shown on New Data Sheet 
A new drain or sampling valve 
data sheet describes the features, sizes 
and construction details of these spe- 
cial valves built to meet high tem- 
perature or corrosive conditions. 
Fool-proof design allows the valve 
stem to work freely at all times and 
prevents possible freezing. Specifica- 
tions and detailed drawing are 
shown. Jerguson Gage & Valve Co. 
Circle E24 green card, last page 


Booklet Describes Nickel 
Additive for Lube Oils 

A free technical booklet describes 
the nickel derivatives useful as addi- 
tives to lube oils, greases, synthetic 
rubber, and plastics. It contains a 
literature review and summary on 
the preparation, properties and ap- 
plication of nickel organic dithiophos- 
phorus compounds. The International 
Nickel Co. 

Circle E25 green card, last page 


Industrial Gas Data in 


48-Page, Pocket-Sized Book 
A 48-page, or sized booklet, 


If you 

stainless steel plate, - 
this new booklet 

on Carlson services La 
in stainless steel 

gives you 


worthwhile facts! 





Tus new Carlson booklet, ‘ 
Steels . . . Exclusively,” 


ucts manufactured by Carlson. 


Write for your free copy of the new Carlson 


booklet today. 


G.O.GARLSOM Ze 


—__— Producers o, Stainbeu Steel 


136 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 
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‘Producing Stainless 
documents a unique, 
specialized service. Fully illustrated, it includes 
detailed sections on stainless steel plates, heads, 
forgings, special shapes, and other stainless prod- 


providing industrial gas data in a 
compact, readily accessible form, lists 
physical and chemical properties of 
oxygen, nitrogen, argon, helium, hy- 
drogen, carbon dioxide, acetylene, 
neon, krypton and xenon. 

Handy conversion tables provide a 
simple and fast method for changing 
volumetric information on various in- 
dustrial gases from one equivalent 
unit of measure to another. Liberally 
illustrated with charts and diagrams, 
the booklet also provides capacity 
data on industrial gas delivery and 
storage systems. Air Reduction Sales 
Co. 

Circle E26 green card, last page 


Pneumatic Valve Positioner 
Weighs Only 30 Pounds 

A powerful, small-size pneumatic 
valve positioner, that develops 1,200 
pounds of thrust, yet weighs only 30 
pounds, is used to drive valves, damp- 
ers, levers or other final control ele- 
ments. It produces a 40 to 1 thrust 
to weight ratio. The positioning cyl- 
inder has a 4-inch bore and a 5-inch 
stroke. 

With an accuracy of 1.0 percent 
full stroke, the positioner is suitable 
for use in high reliability control sys- 


tems. Full 5-inch stroking time is two 
seconds or less. Frequently response 
of the unit with no load at 10 per- 
cent peak to peak input signal change 
is 1.0 cps. At 5 percent peak to peak, 
frequency response is 0.5 cps. 
Designed for indoor or outdoor 
operation, the positioner will operate 
at ambient temperatures as high as 
170° F. With moisture-free power 
air, minimum operating temperature 
is 0° F. The unit requires no internal 
lubrication and is protected against 
contamination from water or dirt, 
whether it is mounted right-side-up 
or upside-down. Controls Div., Hagan 
Chemicals & Controls, Inc. 


Circle E27 green card, last page 





Use Readers’ Service 
Postcard, Page 281 
for more information 


on advertised products. 




















GAS CYLINDER HOLDERS 


Order from your Laboratory Supply Dealer— 
For Literature, Write to— 


DON SUPPLY CO. 


5632 Lawndale, Heuston 23, Texas 


Three screws are used 
to fasten to wall or work 
table front. Just clip gas 
cylinder in and tighten 
wing screws. DS 171 


FOR CORNERS—Same as 
below except this unit is 
shaped to serve most 
fectively when mounted 
in a corner, on wall or 
work table. DS 160C 


WALL-TYPE All-metal, 
furnished with screws to 
secure to wall or work 
table. foceees pate 
safety hooks with spri 

to hold regular ours oe 
cylinder in position. it 
is finished in biack 
crackle. DS 160W 








For more data on advertised products, use cards, last page. 
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RESULTS LIKE THESE: 
Typical case histories tell the story of Oakite ECP’s 
at work in various refineries. They helped: 


@ cut 3% days, $2,250 from previous absurber turnaround 
time; knocked 5 days, $3.300 from reformer tower turn- 


around; put fouled catulytic reformer furnace back on- 
stream in 2 days. 


@ reduced tube bundle cleaning costs 70%; saved 8-year- 
old tube bundles from scrap heap. 


For more data on advertised products, use cards, last page. 
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@ cut parts salvage operation from 22 hours to 114 hours 
per batch. 


@ stripped paint from tank exterior in just a few hours; 
cleaned asphalt storage tank interior in 114 days. 


Ask the Oakite man to give you complete information, 
or send for these valuable bulletins. Write Oakite 
Products, Inc., 48 Rector Street, New York 6, N. Y. 
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from an Oakite EC ee 


engineered cleaning program 


Savings in turnaround time, in money, man-hours, and maintenance—these are some of the 
things you can expect from an Oakite Engineered Cleaning Program. ECP takes a scientific 
approach to cleaning through chemistry. It is tailored specifically to suit your refinery, your 
equipment, your soils, your throughput. ECP gives you: 


DETAILED RECOMMENDATIONS 

Specific cleaning recommendations—tower by tower, 
bundle by bundle—are outlined in a complete, written 
report. It includes estimated quantities of materials re- 
quired, estimated off-stream time, step-by-step instructions 
for your crew. ECP utilizes time-saving mechanized and 


in-place cleaning wherever possible. 


TECHNICALLY QUALIFIED AID 
To implement the program, the Oakite man sticks with the 


job until your crew is fully oriented. He brings with him 





a background of practical refinery cleaning experience... 


coupled with materials and methods from the finest clean- 





ing research laboratory in the country. In short, your Oakite 
man is expressly prepared to give you top efficiency, speed 


of operation plus low-cost end results. 





ENGINEERING DRAWINGS, LITERATURE 


Engineering drawings of suggested equipment and pump- 
ing hook-ups are included in the ECP. And fact-filled liter- 


ature that details cleaning procedures is made available. 


Est. 1909 ene 
ears’ leadership in industrial cleaning 
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Efficiency and economy of purchased electric power is 
winning more and more users in refineries, pipelines and 


production. For low cost dependable power consult your 


nearest Utility Flectric Power Company today! Petroleum: Electric 


Power Association 
|! aim - P. O. Box 35006 @ Dallas 35, Texas 
a 


~— 


WATERFLOODING GATHERING PIPELINES 


List of P.E.P.A, members will be furnished on request. 





Beginning today, all other side-entering mixers are out of date. The 
LIGHTNIN Mixer you see here is a 50-horsepower Hi-Flo unit. It does the 
work of three 25-hp mixers on a big blending tank. q@ It saves you one- 
half the purchase price of three 25-hp mixers « almost two-thirds the instal- 
lation cost ¢ and one-third of the operating cost. @ You can now get LIGHTNIN 
Mixers like it in a full range of sizes up to 50 hp. This new line provides 
50% more flow per horsepower. It is called LIGHTNIN Series NSE. q At 
every size level, these units equipped with new Super-Pitch propellers 
provide extra pumping capacity. Capacity that translates into faster 
blending or blending at lower installed cost. q For information, call your 
LIGHTNIN Mixer representative now. He’s listed in Refinery Catalog and 
in the yellow pages of your telephone directory. Or write, wire, phone us 
‘ direct for Bulletin B-526. 


~Lightain Mixers. MIXING EQUIPMENT Co., Inc., 164-n Mt. Read Bivd., Rochester 3, N.Y. 


MIXCO fluid mixing specialists In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Avenue, Toronto 19, Ont. 
In Europe: Lightnin Mixers, Ltd., Poynton, Cheshire, England 











GHH 


SCREW 
COMPRESSOR 


Oil-Free Operation 


No Metal-to-Metal Contact 
of rotating elements 


Over 600 Units in Operation handling air, 
hydrocarbons, and many other gases 


Suction Volumes 350 to 15,000 cfm 


Compression Ratios up to 1:4.5 for single stage 
and 1:11 for two-stage units 


GUTEHOFFNUNGSHUTTE 


STERKRADE AKTIENGESELLSCHAFT + STERKRADE WORKS +: GERMANY 


REPRESENTATIVES: THE FORAM CORPORATION 
50 BROAD STREET, NEW YORK 4, N.Y. Telephone: WHitehall 3-8241 
































LITTLE TAG... BIG MEANING! 


Not a mere name plate, this little metal tag on a piece of equipment is 


unreserved assurance of quality workmanship and dependability of service 
- priceless characteristics not solely measured in dollars and cents. 


MAC-IRON 
CATALOG B-1 


Although you'll find our 
full line Catalog B-1 in the 
current REFINERY CATALOG 
wouldn’t you like more copies 
Yor distribution among your im- 
tubtaweanae We portant engineering personnel? 


THE Your request will bring 
e MACK IRON © all the copies you need. 
WORKS COMPANY WRITE TODAY ae 


cakennns Ma, his THE MACK IRON 
WORKS COMPANY 


121 Warren Street 
SANDUSKY, 
OHIO 


SPECIALISTS TO PETRO-CHEM-REFINING M Ba 2 
AND CHEM-PROCESS INDUSTRIES SINCE i901 














Stock and cug#m made items for many engineered applications which 
involve pumping of fluid materials and operational liquids. 


BLINDS © SPACER RINGS © STRAINERS © SPECTACLE FLANGES 


For more data on advertised products, use cards, last page. HyprRocaRBON Processinc & PETROLEUM REFINER 
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In this charge pump at Shell Oil Company’s Deer Park, Texas, %2% sulfuric acid — at 3600 rpm. Lab tests indicate Ni-Resist 


refinery, Ni-Resist impellers handle acid-reaction output with 


has 8 times the staying power of cast iron in 2% H,SO, solution. 


Shell specifies Ni-Resist impellers for 
pumping dilute H,SO, at 3600 rpm 


Shell Oil Company installed two of 
these debutanizer charge pumps at their 
refinery in Deer Park, Texas. The pumps 
handle acid-reaction output. Some of 
this output contains up to 142% sulfuric 
acid. 


Pumping dilute sulfuric at 3600 rpm 
can be highly corrosive, so Shell speci- 
fies Ni-Resist* iron for these impellers. 
Unlike ordinary cast iron, Ni-Resist im- 
pellers withstand the punishing effects 
of dilute HeSO:—while running at fast 
speeds. 


Are acids, alkalis or other corrosives 
eating away at your profits? The 
Ni-Resist irons can add years of life to 
your equipment, lowering replacement 
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costs. Here’s how these nickel alloys 
work for you: 


* Ni-Resist irons resist many corrosives 
at high or low velocities, especially 
those encountered in petrochemical 
service. 


Ni-Resist irons resist wear. In many 
corrosive environments, they add 
service life to valves, seals, and 
pumps exposed to metal-to-metal 
wear. 


Ni-Resist irons keep costs down. 


NICKEL MAKES CASTINGS 


For more data on advertised products, use cards, last page. 


Economically cast into pipes, vessels, 
and other simple or complex shapes, 
Ni-Resist irons are easily machined 
and welded. 


Want more details on how these 
nickel-alloy cast irons may save money 
in your refinery? “Engineering Proper- 
ties and Applications of Ni-Resist,” a 
70-page booklet, is yours for the asking. 


*INCO Trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street 


seo, New York 5, N. Y. 


INCO NICKEL 


PERFORM BETTER LONGER 


271 





ASPHALT 
BLENDING 
ON 


SYSTEMS 


VARI-FLO 
BLACKMER LIQUID 
DLES NG 
oe ea F 


FREE VARI-FLO BLENDING SYSTEMS CATALOG 


If you're mixing asphalt by the batch, the advantages of Vari-Flo line 
blending are mighty obvious. Instead of storing a dozen blends, you 
stock only a penetration grade and a couple of diluents, blend any 
cutback you want—instantly and accurately. You practically eliminate 
the need for storage tanks, big inventories, miles of piping, acres of 
plant space. Best of all, you'll be pleasantly surprised at the way this 
mechanical blending system combines pinpoint accuracy with simplicity 
and ease of operatio... The clincher is low cost. Both initial and operating 
costs are surprisingly low compared to other systems. Both large 
and small firms are line blending asphalt with great success. See 
Refinery Catalog or write for Bulletin 650A. 


“Liquid materials handling ® equipment 


LACKMERT / tiene systems 


BLACKMER PUMP COMPANY, GRAND RAPIDS 9, MICHIGAN 





ommnily 2-piece design of 


ELLIOTT 
& aap Bilas 


offers 
© eam Brine 


For Condenser and Heat Exchanger Tubes 


® Quickly and effectively seals off leaky tubes without 
damage to tube sheets. 


Matching tapered ring and pin engineered for easy 
installation and dependable service. 


Designed to give even expansion of pin to ring and long 
contact to the seal. 


eZ 
Ss, oss 


Available in brass, sivel, stainless steel and aluminum. 


EE ELLIOTT COMPANY — 


GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 


PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio; Newark, N. J. 


EASY APPLICATION 


® Place ring in tube 

® Insert pin in ring, 
tap lightly until seated 

® A few sharp blows with 
hammer make tight, 
effective seal 











For more data on advertised products, use cards, last page. 





WATER-OPERATED 
SUMP PUMP WORKS 
AUTOMATICALLY 


Ejector-type sump pump 
utilizes kinetic energy of 
water under pressure to evac- 
uate liquids from sumps, 
tanks, pits. When liquid 
accumulates, ball float rises, 
opens snap valve to begin 
operation. When liquid level 
falls, float drops, closes valve 
and pumping stops. Steam- 
operated types also available. 
See below. 





> Ask for Bulletin 2M (water) Sat Fleet 
or Bulletin 2A (steam) Strainer 


Schule and Koerting COMPANY 


2257 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
Phone: MErcury 9-0900 TWX: Cornwells, Pa., 69-""U"’ 
JET APPARATUS © ROTAMETERS © GEAR PUMPS © VALVES @ HEAT EXCHANGERS 








Syringes, 
Gas-Tight to 
Three 
Atmospheres = 


Now you can handle gas 

with no leakage to three 

atmospheres... thanks 

to Hamilton Gas-Tight 

Syringes. A special Tefion* 

Resin coating is used to cover 

stainless steel plungers for 

firm, smooth, spill-proof 

movement. Leak rate is less 

than 3 ul per hour under a 

vacuum of 20 mm of Hg 

with no leakage to three 

atmospheres. 

*Tetrafluoroethylene Polymer (Du Pont) 
FREE LITERA- 
TURE on Hamilton 
Gas-Tight Syringes, 
just clip this ad 


© your letterhead 
and mail. 


HAMILTON COMPANY, inc. 


P. O. BOX 307-X, WHITTIER, CALIFORNIA 
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GAS EXPANDER TURBINES 


now available from Terry in sizes up to 10,000 hp 


In scores of applications in petroleum 
refineries and chemical plants, Terry 
gas expander turbines have proven to 

reliable and efficient. This record 
results from the a of the 
same design principles that have been 
responsible for the wide acceptance 
of Terry steam turbines. 

These multi-stage expanders are of 
the impulse type. Usually they include 
a Curtis stage, with the number of rows 
of blading selected for the conditions, 


followed by a suitable number of 
Rateau stages. Straight Rateau expand- 
ers can be furnished when required. 

The result of more than 50 years 
of experience in the manufacture of 
turbine drives exclusively, they are 
available in sizes up to 10,000 hp. 
Designs for use either independently 
or in conjunction with a steam tur- 
bine can be furnished, 

Ask for information on a Terry 
expander to meet your requirements. 


THE TERRY STEAM TURBINE COMPANY 
TERRY SQUARE, HARTFORD 1, CONN. 
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3000-hp multi-stage turbine for use in a 
large oil refinery. 


4d 
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PLUG TURNING NUT 


PLUG ADJUSTING NUT 


STEM PACKING 
GLAND 


BOLTED BONNET 


STEM PACKING 


PRESSURE 
BALANCING GROOVE 


NON-STICKING ... 
POSITIVE SHUT-OFF! 


built-in features of 
Eiaz21ex PLUG YALVES 


Hamer non-lubricated, non- 
Sticking plug valve with gland 
packed steam seal. Standard 
opening. Sizes 1"’ through 12” 
in ASA 150 Ibs. and 300 Ibs 
series. Available in carbon 
steel and other metals to meet 
special corrosive and tempera- 
ture conditions 


You don’t have to depend on brute force or lubri- 
cant-lift to open or close a Hamer Valve. A special 
plug adjusting nut, acting as a screwjack, lifts the 
plug from its seat to assure easy opening and 
closing. This same nut adjusts the plug in its seat 
and secures it there for perfect shut-off. A vertical 
groove in the plug provides a pressure-balancing 
feature which further facilitates operation of the 
valve. 


Being non-iubricated, there is no danger of product 
contamination . . . no lubrication expense. The 
gland packed stem allows packing to be changed 
under pressure while valve is on stream. Bar 
operated plug opens or closes with a quarter turn. 
Larger sizes are available with wheel operators. 


Available in sizes, metals, pressures and tempera- 
tures to meet a wide range of services in refineries, 
chemical, petrochemical and other process indus- 
tries. Ask your WECO, Chiksan or Hamer Valve 
specialist about the advantages of using Hamer 
Valves in your plant. 


WELL EQUIPMENT MFG. CORP. 


P. 0. BOX 19465 © HOUSTON 24, TEXAS 


Division of Ci «KSAN COMPANY 


a subsidiary of FMC CORPORATION 


ae OOS 8 


wtco 
UNIONS Swrven JOINTS 


For more data on advertised products, use cards, last page. 
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CONTROL 
CENTER 


14 PAIR 
“THERMO- 





2 Ws We 


14-CIRCUIT 
TERMINAL 
BOX 


‘pm be 


228 


ee PB PR a eee 
ee 


—— 


TO THERMO- 
oe 


for 
Thermocouple Extension 
Wire Installations 


Here’s an economy team to increase eff- 
ciency and cut costs up to 75% in your 
next thermocouple extension wire installa- 
tion. Multi-conductor THERMO-CABLE* 
permits you to install from 6 to 56 pairs 
of color-coded, insulated thermocouple 
leads, at one time, using just one cable. 
Terminate the wires in a weatherproof 
multi-terminal box specifically designed 


for THERMO-CABLE. 


No more pulling individual leads through 
conduit. And, THERMO-CABLE, with its 
polyvinyl chloride weatherproof, heat and 
corrosion resisting outer sheath often 
eliminates the need for conduit. Direct 
burial types available to eliminate haz- 
ards from fire and mechanical damage. 


T.E. weatherproof Terminal Boxes are 
made of cast iron or sheet steel, can ac- 
commodate from 6 to 100 circuits, and 
offer sure protection against the effects of 
contaminating atmospheres. Made to 
N.E.M.A. or JIC specifications. 


Write today for Catalog 83-19 


*Trade Mark 


Thermo 
Electric EO. INC 


SADDLE BROOK, NEW JERSEY 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont 
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two. of a Jandy 


direct-connected 


belt-driven : 
air make-up 


units 


Let the breezes blow! You can maintain uniform 
temperatures and derive maximum efficiency 
from heating and ventilating systems this winter 
with Aerovent Gas-Fired Air Make- Up. Units. 
And, you will be ready for next summer's heat, 
too, since each unit also serves as a filtered air 
supply unit. Why not investigate, today? 

Standard models for all structures and all re- 
quirements in sizes 27” through 60” for capacities 
to 50,000 CFM and BTU/hr ratings to 4,875,000. 
Other units to specifications for capacities to 
100,000 CFM and heat releases to 10,000,000 
BTU/hr. Write for details and application data 
included with new Bulletin 860. 


Air deliveries of oll Aerovent equipment are tested and rated in ac- FI 
condemn wih eababliched nad a0 sapted endee and cash oath te quar 
onteed by the manufacturer to deliver its rated performance 


ASH and BACON STS. 


FAN COMPANY, INC. 
PIQUA, OHIO 
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IDCOFLANGE 
PLIDCOFLANGE 
PLIDCOFLANGE 


---NO OTHER PIPE FITTING 
DOES SO MANY JOBS SO WELL 


Designed for fast, easy 
installation plus economy 


Plidcoflange applications are practically limitless. 
This versatile pipe fitting may be welded perma- 
nently to the pipeline, without shutting down, or 
bolted in place for future removal. 


Plidcoflange slips over end of pipe, mates up with 
standard flange facings. No flange spreaders, jacks 
or bars required. Ideal for use as a blind plate 
flange. Just slide Plidcoflange back to change plates. 


Plidcoflanges are available in standard sizes 2” 
through 12” with 150 lb. A.S.A. steel flanges. Other 
sizes and pressure classes on request. Send for 
illustrated brochure. 


THE PIPE LINE DEVELOPMENT Co. 
5350 WEST 130th STREET CLEVELAND 30, OHIO 


REPRESENTATIVES THROUGHOUT THE WORLD 
Manufacturers of WELD+ENDS, SMITH SPLIT-COUPLING, SMITH SPLIT-SLEEVE 
SMITH+CLAMP and other products for the pipeline industry 


For more data on advertised products, use cards, last page. 
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REPUBLIC 


OFFERS 


————a 


a full-flow 


SWING-CHECK @ 
VALVE 


Brass, aluminum alloy, or stainless 
steel bodies, flanged 
or unflanged, with 
TEFLON (no lubri- 
cant), brass, or stain- 
less steel plugs! 
Flared tube, internal 
or external pipe port 
connections! Ye” to 1”. 2 to 5 ports! 

Six metal-plug lubricants for many services—air, 

vacuum, water; gaseous oxygen; alcohol; gasoline and 

high octane fuels; hydrocarbons and hydraulic oils; acids 
and alkalis; and food. When you need plug valves, 
investigate Republic's broad line of standard types!!! 


And special-purpose valves, too! There is one designed 
especially for drawing off accurate, minute samples for 
GAS CHROMATOGRAPHY analysis! Another, 3” and 
4” SLURRY valves with rubber-covered 
rising plug for long 
service lifel And a 
CYLINDRICAL plug 
type that features 
low pressure drop 
and easy turning. 


METAL PLUG 


CYLINDRICAL 
PLUG SLURRY 
VALVE 


Yes, Republic offers 
more in plug valves! Whatdo you need? 


Stocking distributors coast to coast 334 


REPUBLIC 


FLOW « DIRECTIONAL e PRESSURE 
CONTROL 


AND 


a FLOW 
SWITCH 


BY 


MAGNETROL* model FCV 


DEPENDABLE AS THE PULL OF A MAGNET 


© Remotely Signals Flow—No-Flow 

@ Interlocks Safety Start-Up or Shut-Down 

© Dial Adjustment of Switch Operating Point 
© Seals Against Back-Flow 


FOR PRACTICALLY ANY L/QU/D, 
TEMPERATURE OR PRESSURE 


The new Magnetrol FCV combines a swing 
check valve with an externally adjustable Mag- 
netrol switch, calibrated for pre-set flow rates. 
It provides positive flow signal or control at 
any pre-set valve disc position within 15° to 
55° of full closed position. Swing check valve 
also seals off back-flow — no need to isolate 
valve from line on shut-down or when changing 
tanks or lines. Full 90°-swing of disc permits 
passage of “pigs” or scrapers through line when 
handling various liquids in sequence, without 
interrupting flow. Explosion-proof housing, 
mercury-to-mercury switch contacts, or pneu- 
matic pilot mechanism. 





INDICATOR PLATE ee SET POINT 


ADJUSTMENT SCREW 


NON-MAGNETIC 
ENCLOSING TUBE 


MAGNETIC SLEEVE 


A magnetic sleeve, linked to 
the valve disc, is raised with- 
in a nonmagnetic pressure- 
tight enclosing tube as the 
disc swings in response to 
flow. This sleeve attracts or 
releases a permanent magnet 
attached to a mercury or 
pneumatic switch. By posi- 
tioning the pivoted magnet 
higher or lower on the tube, 
switch actuation may be set 
for any point of disc swing 
within 15° to 55° of full 
closed position, according to 
calibrated indicator panel on 
the switch mechanism. 


























Mail coupon today for full details—just attach to your letterhead 


MAGNETROL, Inc. 


5312 Belmont Road, Downers Grove, Illinois 


15655 Brookpark Road, Cleveland 35, Ohio | 


276 


19 
Aa wes send me catalog data and full information on Magnetrol Swing-Check 
alves | 
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REPAIR PIPE LEAKS 
QUICKLY 
PERMANENTLY 


ANY PRESSURE 
ANY TEMPERATURE 


EMERGENCY PIPE CLAMPS for safe, 
sure lasting repair of splits and rust 
holes in pipe. No pressure too high. 
Anyone can apply in a few mo- 
ments. Made in all sizes, 2” to 
12”, for steel and C. I. pipe. Stocked 
by practically all oil supply stores. 


COLLAR LEAK CLAMPS —for oil and 
gas lines. Gasket is sealed by 
gasket container rings—pressure is 
sealed in... air, moisture and 
gasket-destroying soil conditions 
are sealed out. Effective under any 
pressure. Sizes 2” —13” O.D. incl. 
In stock at oil supply stores! 


For over half a century, 
a complete line of Repair 
Clamps and Saddles for 
steel and cast iron pipe. 


Send for catalog! 





BURRELL 


“Jor Scientists Evcerywhere’’ 


UNIFORM SOLUTIONS 


For Gas Analysis 


always fresh and active 


.+. order as you need 


Modern Burrell Reagents and Auxil- 
iary Solutions are available as a 
regular, dependable source of supply 
for use with all makes of gas analysis 


equipment. 


Listed here are some perennial 
“best sellers.” Tell us your needs 


for prompt service. 


f 
| 
: 


Fast Absorbing Reagents 


COSORBENT® for Carbon Monoxide. Active and accu- 
rate. Forms stable compound. Requires few passes. 

CAT. No. 39-720—8 oz. 6.00 Case of 12—64.80 
CAT. No. 39-721—3 oz. 3.25 Case of 12—35.10 
COSORBENT POWDER for Carbon Monoxide. Easier to 
store and transport. Has indefinite shelf life. 

CAT. No. 39-725—vial 3.85 Case of 12 viais—41.60 
LUSORBENT® for Unsaturated Hydrocarbons. No vapor 
pressure. Non-Corrosive to rubber connections. 

CAT. No. 39-715—8 oz. 4.40 Case of 12—47.55 
CAT. No. 39-716—3 oz. 2.75 Case of 12—29.70 
OXSORBENT® for Oxygen. Fast, clean and accurate. 
Breaks sharply at saturation point. 

CAT. No. 39-710—8 oz. 6.00 Case of 12—64.80 
CAT. No. 39-711—3 oz. 3.25 Case of 12—35.10 
DISORBENT® for Carbon Dioxide. Crystal clear potas- 
sium hydroxide solution. Accurate and fast. 

CAT. No. 39-730—16 oz. 3.25 Case of 12—35.10 
CAT. No. 39-731—3 oz. 1.90 Case of 12—20.55 
@®@Trademark Registered U.S. Patent Office @Trademork 


NOTE: Order 8 oz. for each charge in a standord ab- 
sorption pipette; 3 oz. for IndustroQ® gas analyzers, 


Specifics for Hydrocarbons 
SORBENT “A”®—For total olefins, ethene, propene, bu- 


tene and pentenes. 
CAT. No. 39-741—8 oz. 5.00 


Case of 12—54.00 


SORBENT “B"®—For selective absorption of iso-butene. 
Takes up 1-butene and 2-butene slowly. 
CAT. No. 39-742—8 oz. 3.00 Case of 12—32.40 
SORBENT “C”®—For propenes, butenes and pentenes. 
Will absorb ethene slowly. 
CAT. No. 39-743—8 oz. 3.00 Case of 12—32.40 
SORBENT “D"®—For acetylenes and higher members of 
the acetylene series. 
CAT. No. 39-744—8 oz. 6.50....... «++--Case of 12—70.20 
@® Trademork 

Prices listed are F.O.B. Pittsburgh, Pa. 


Ask for Bulletin No. 327 


BURRELL CORPORA 


Scientific Apparatus and Laboratory Supplie 
2223 FIFTH AVENUE, PITTSBURGH 19, Pj 


/ 
M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA 
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alloy steel 


heat 
exchanger 
tubes 


a/ HIGH TEMPERATURE 
OXIDATION RESISTANCE 


a/ PROTECTION FROM 
SULFIDE CORROSION 


HIGH THERMAL 
CONDUCTIVITY 


Why go to the top of the price ladder for oxidation and 
corrosion resistance. Just one step up to ALONized steel 
gives you all the protection you need—year after year. 


The ALONizing process deeply diffuses aluminum into 
the steel to form an iron-aluminum protective alloy with 
mechanical properties provided by the base steel. This 
resultant duplex structure offers excellent oxidation and 
corrosion resistance at temperatures even beyond 1600° F. 


ALONized heat exchanger tubes give the best protec- 
tion from sulfur bearing gases, carburizing atmospheres, 
HS, SO. and many other corrosive environments—at 
just a fraction of the cost of stainless steel. 


Write today for literature. 


ees — ict iit 
cn | re in 


PROCESSING, INC. 


P.0. BOX 11431, BLAWNOX STATION + PITTSBURGH 38, PENNSYLVANIA 
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‘There is ONE 


RIGHT STRAPPING 
- for your 


INSULATION and 
CORROSION PROBLEMS 


0, 


\ 


RAD 
a. GERD oer 


How do you know which is the right 
one? Consult the A. J. Gerrard In- 
sulation Manual. It is available to 
qualified people who will write to us 
on their letterhead. 

As a guide to specifying, it in- 
cludes corrosion and technical data. 
It shows how other companies were 
able to properly insulate vessels, 
lines, vats, tanks, etc. And it covers 
the tools, materials and methods 
needed to strap insulation quickly, 
properly and economically. 


EXPAND-R-STRAP — Expands and 
contracts with the vessel assuring even 
pressure against insulation at all times. 
Corrosion resistant. 

ALLOY STRAPPING — Lets you select 
the right strapping for specific corro- 
sive conditions; stainless, monel, gal- 
vanized, brass. 

TENSIONING TOOLS — Easy to use 
—enable you to tension and cut strap 
in seconds. 


ALLOY SEALS — Fspecially designed 


| to combat varying corrosive conditions 


. . . Stainless, aluminum, galvanized, 
brass and monel for all widths and 


| sizes of strapping. 


FINGER STRAPPING — Apply as 
strapping, impale insulation, secure 
with spring washers. For all thicknesses 
and types of insulation. 

SPACERS & CLAMPS — Created for 
steam tracer lines. 

WIRE, STAPLES & PINS—Available 
in all alloy grades to meet specific cor- 
rosive conditions. 

Immediate delivery from conveniently 
located stocks. 


To get a copy of the Insulating 


Manual, write on your ge 
letterhead to: 


A.J.GERRARD 
& COMPANY 
438 E.TOUHY AVE., DESPLAINES, ILL. 
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CLASSIFIED ADVERTISING 


RATES: Regular Classified (undisplayed) set 
in this type: 20 cents per word. Minimum 
charge, $4. Blind box address in our care 
counts six words. Replies forwarded without 
charge. Display Classified ads, set in suitably 
larger type with ruled border $13.50 per 
column inch. Ten percent discount for two 


or more insertions of same copy in consecu- 
tive issues. All Classified ads payable in 
advance. Copy dead iine 25th of month pre- 
ceding date of issue. Send copy and checks 
to: Classified Advertising, Hydrocarbon Proc- 
essing & Petroleum Refiner, P. O. Box 2608, 
Houston, Texas. 





HELP WANTED 





struction operations. 





Delhi-Taylor Oil Corporation 
HAS IMMEDIATE OPENINGS FOR A 


PROCESS ENGINEER AND STAFF MECHANICAL ENGINEER 


IN THE RESEARCH AND DEVELOPMENT DIVISION LOCATED IN DALLAS 


The Process Engineer should be a graduate chemical engineer 
with two to four years experience in petroleum refining 
and/or petrochemical processing. Experience should include 
economic and engineering studies of refinery and petrochemi- 
cal facilities and the developing of new products and processes. 
The Staff Mechanical Engineer should be a graduate mechan- 
ical engineer with six to ten years experience with refineries 
and related facilities. Experience should include the designing 
of new facilities, preparation of specifications, selection of 
materials and equipment and actual supervision of the con- 


All replies confidential. Submit complete resume—outlining specific edu- 
cation, experience, salary requirements, and references—to Industrial 
Relations Department, 2900 Fidelity Union Tower, Dallas 1, Texas. 











Hydrocarbon Processing & 
Petroleum Refiner 
Classified Ads 
Don't Cost 


They Pay 


POSITIONS WANTED 





REFINERY PROCESS ENGINEER 


Experienced in administration and supervision of 
refinery process units, refin programming and 
planning, economic evaluations, and process de- 
sign. Twenty years diversified experience in South 
America with large integrated company. U. 8. 
Citizen, age 42, Desires return U. S., Resume on 
request. B Box 364-R. 











FOR SALE 








REFINERY 
INSPECTION GAUGES 


JOHN J. BECKER CO, 
BRADFORD, PA. 





HELP WANTED 





Our Refinery Technology Division needs 

men qualified to: 

1. Conduct studies of refinery economics 
using modern computing and mathe 
matical methods, and 

2. Develop computer programs (IBM 
1620, 7000) in support of refining 
economics, fuel blending, and sta- 
tistical analysis of fuel performance 


These professional positions in a tech- 
nical-consulting activity offer and re- 
quire a high level of individual re- 
sponsibility. Projects vary widely and 
contribute directly to sales effort. 
Located in a suburb of Detroit, the 
division supports field-technical per- 
sonnel covering U. 8., Canada, Mexico 
and Export. Send resume to: 
Personnel Manager 
ETHYL CORPORATION 
1600 W. Eight Mile Road 
Ferndale 20, Michigan 








SALESMAN NEEDED 


This is an opportunity in a well 
established, financially sound, 
small but growing organization. 


The man we seek should be not 
over 35 years old, should have 
a good education, should have 
knowledge of this industry, 
should be willing to travel about 
half the time, should like selling 
and be willing to pay the work- 
price to make more money, Our 
sales people know of this adver- 
tisement. Your reply will be con- 
sidered confidential and should 
give sufficient personal informa- 
tion, business experience, present 
compensation, etc., to justify con- 
tact for personal interview. Ad- 
dress Salesman, Box 365-R c/o 
PETROLEUM REFINER, Hous- 


ton, Texas. 





WANTED 








Manuscripts Wanted 


Have you written a book you would 
like to have published? Do you have 
an idea or an outline that you would 
like to talk over with a publisher? 
Gulf Publishing Company, publishers 
of World Oil, Hydrocarbon Processing 
& Petroleum Refiner and Pipe Line 
Industry magazines, and numerous 
technical books, is actively seeking 
trade and technical manuscripts for 
publication by its rapidly expanding 
Book Division. For further informa- 
tion write to Manager, Book Publish- 
ing, Gulf Publishing Company, P. O. 
Box 2608, Houston 1, Texas. 
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Here is a quick, convenient way 


to get more information on New Equipment and Literature reviewed in the editorial 
columns and on products and services advertised in this issue of HYDROCARBON 
PROCESSING & PETROLEUM REFINER: 


1 For more data on New Equipment, Catalogs and Literature reviewed in the edi- 
* torial columns, circle on the card below the Code Number shown in the itezn itself. 
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page. 
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WIS MESSAGE 
S FOL VOU 


if you are an executive in 


any of these industries... 


The year’s end is traditionally a time when business leaders 
sum up the results of the past year and make plans for the next. 
Most economic signposts point to the sixties as a decade of 
accelerated growth and expansion of profitable markets at home 
and abroad. Present conditions make this the ideal time for ac- 
tion. @ If your 1962 plans call for the addition of new facilities, 
expansion or rehabilitation of your present plants to meet the 
increasing demands for your products, you will find McKee-WKE 
world-wide engineering and construction services extremely val- 
uable to you now. e It will pay you well to find out how McKee 
and WKE engineers can work effectively to convert your new-plant 
expense into a profit-earning investment at the earliest possible 
date. A new book containing complete information on the McKee 
, Organization, its services, experience and capabilities will be sent 


on request to responsible executives in the industries we serve. 


McKEE-WKE ENGINEERS HAVE 
BUILT THESE PLANTS TO EARN 
PROFITS FOR THEIR OWNERS: 


PETROLEUM & PETROCHEMICALS 


Complete Refineries and individual Processing 
Units for all modern pertroleum and petro- 
chemical processes. 


CHEMICALS 

Complete plants and individual Processing 
Units for Sulfur, Sulfuric Acid, Nitric Acid, 
Cresylic Acid, Coal Tar Distillation, Anhydrous 
Hydrazine, Urea, Caustic, Dodecylbenzene, 
Ethylene, Hydrogen, Polyviny! Chloride, Syn- 
thetic Rubber, Butadiene, Styrene, Polymers 
and Resins. 


IRON & STEEL 

Blast Furnaces; Open-Hearth Shops; Rolling 
Mills; Coke Ovens; Agglomerating, Pelletizing 
and Sintering Plants. 


C303) 


NON-FERROUS METALS 


Copper and Lead Smelters; Zinc Plants; Elec- 
trolytic Refineries. 


MINING & ORE BENEFICIATION 


Mining and Mining Methods; Facilities for 
crushing, screening, grinding, concentration, 
handling and storage of ores; Ancillary facil- 
ities for ferrous and non-ferrous ores, metallic 
and non-metallic minerals, coal and aggregates. 


INDUSTRIAL MINERALS 


Plants and Facilities for preparation of specifi- 
cation aggregates for concrete and other 
building materials. 


PUBLIC WORKS & UTILITIES 

Facilities for production and utility of Water, 
Oil, Gas, Electricity and Power; Materials- 
Handling; Communications and Transportation. 


GENERAL INDUSTRIAL 

Plants for Processing, Matet:als-Handling, 
Production and Storage of Industrial Products 
and Materials. 


We can also provide all necessary auxiliary 
facilities such as dams, power plants, docks, 
railroads, maintenance and repair shops, 
sewer systems, offices, laboratories, hospitals, 
housing and schools. 


McKee and WKE engineers can assume com- 
plete responsibility for your entire project, 
from preliminary plans to completion ready 
for operation, under a single contract. We can 
supply any single service or combination of 
services you require—anywhere in the world. 


THE McKEE ORGANIZATION aantwure. werces company, 2300 chester ave., 


Cleveland 1, Ohio, Offices: New York, N. Y.; Union, New Jersey; Washington, D. C.; Subs/diaries: Toronto and 


Montreal, Canada; Mexico City, Mexico; Sao Paulo, Brazil; Buenos Aires, Argentina; McKee Head Wrightson, London 
WESTERN KNAPP ENGINEERING CO., 650 Fifth St., San Francisco 7, Calif. Offices: New York; Chicago; Hibbing, Minn 


wi «Pe INTERNATIONAL ENGINEERING 
AND CONSTRUCTION SERVICES 





FABRICATED FROM 


HEAVY CHROME-MOLY PLATE 


This Platforming® reactor, fabricated by Nooter Corporation for Procon 
Incorporated, weighs 64,000 pounds and is made of 3%” thick chrome- 
moly steel. The vessel is one of four built for a midwestern refinery. 


Heavy-plate work like this is Nooter’s stock-in-trade. Hundreds of 
companies have benefited from Nooter’s unique abilities to produce 
virtually all types of processing equipment...and to follow through 
with erection in the field anywhere in the country. Heat exchangers 
and reactors, floating and cone roof bulk storage tanks, columns and 
towers, reactor regenerators and a multitude of special purpose vessels 
all fall within the scope of Nooter fabrication and erection skills. 


Whatever your needs—in conventional metals, alloys or the rarer, 
more exotic metals— you can count on Nooter’s experience in quality 
control, metallurgical knowledge and fabrication and erection tech- 


niques to produce to your exact requirements. 


Write for Nooter Technical Bulletins: 


#100 — Titanium Facts 
#101 — Corrosion Data Charts 


NOOTER 
CORPORATION 


“Since 1896” QUTER! 


"Steel and Alloy Plate Fabricators and Erectors Boilermakers”’ 


1404 SOUTH THIRD STREET @ ST. LOUIS 66, MISSOURI 














